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1. DESCRIPTION OF THE PROJECT 
The Hawaii Geothermal Pro jec t ,  a coordinated research e f f o r t  of t h e  
University of Hawaii, funded by the  County and S t a t e  of Hawai i ,  and 
ERDA, w a s  i n i t i a t e d  i n  1973 i n  an e f f o r t  t o  i d e n t i f y ,  generate, and 
use geothermal energy on the  Big Island of Hawaii. A number of s t ages  
are involved i n  developing geothermal power resources: 
test d r i l l i n g ,  production t e s t ing ,  f i e l d  development, power p l a n t  and 
puwerline construction, and fu l l - sca le  production. 
exploration, 
Phase I of the  Pro jec t ,  which began i n  t h e  summer of 1973, involved 
conducting exploratory surveys, developing a n a l y t i c a l  models f o r  i n t e r -  
p re t a t ion  of geophysical r e s u l t s ,  conducting s t u d i e s  on energy recovery 
from hot  br ine ,  and examining t h e  l e g a l  and economic impl ica t ions  of 
developing geothermal resources i n  the  state. 
i n i t i a t e d  i n  the summer of 1975, cen ters  on d r i l l i n g  an exploratory 
research w e l l  on the  Island of Hawaii ,  bu t  a l s o  continues opera t iona l  
support f o r  t he  geophysical, engineering, and socioeconomic act ivi t ies  
delineated above. 
production t e s t i n g  phase. 
Phase I1 of t h e  Pro jec t ,  
The p ro jec t  t o  d a t e  is between t h e  test d r i l l i n g  and 
The d r i l l i n g  phase was successfu l ly  completed a t  t h e  d r i l l  s i te on t h e  
edge of t h e  1955 lava flow on t h e  Pahoa-Pohoiki Road 4 miles from Pahoa 
(Sect. 2.1). 
of 1900 m (6450 f t ) .  
excess of 300°C (570'F). 
The w e l l ,  r e f e r r ed  t o  as HGP-A, has been d r i l l e d  t o  a depth 
Initial d a t a  i n d i c a t e  dawnhole temperatures i n  
Downhole water samples i n d i c a t e  an  anomalous 
I .  
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s i t u a t i o n  of po ten t i a l ly  f r e s h  water as t h e  geothermal f l u i d  (Sect. 2 . 4 ) .  
Long-term flow t e s t i n g  w i l l  be necessary t o  s u b s t a n t i a t e  t h i s  f inding. 
Inves t iga t ions  thus f a r  concluded have provided initial base l ine  d a t a  
describing the  ex i s t ing  environmental s e t t i n g  of t h e  d r i l l i n g  s i te  and 
v i c i n i t y  before d r i l l i n g  w a s  begun. 
throughout t he  d r i l l i n g  phase and w i l l  continue throughout production 
t e s t i n g  operations so t h a t  changes t o  the  environs of t h e  immediate 
d r i l l i n g  area can be detected.  This type of comparative d a t a  is essen- 
t i a l  t o  t h e  development of mi t iga t ing  measures t h a t  w i l l  provide f o r  
environmentally acceptable f i e l d  operations i f  f e a s i b i l i t y  is demon- 
s t r a t e d .  
Data gathering has  continued 
These i n i t i a l  base l ine  inves t iga t ions  serve as an  e s s e n t i a l  
pa r t  of t h i s  environmental impact assessment. 
The purpose of t h i s  assessment is  t o  descr ibe  t h e  activities and poten- 
tial impacts associated wi th  extensive w e l l  flow t e s t i n g  to  be completed 
during Phase 11. 
1.1 BACKGROUND OF PROPOSED WELL TEST 
After d r i l l i n g  of HGP-A, i n s t a l l a t i o n  of a s l o t t e d  liner, and indica- 
t i on  of extremely high bottom-hole temperatures, t h e  next major phase 
in t h e  Hawaii Geothermal P ro jec t  is a flow test and ana lys i s  program 
designed t o  determine t h e  p rope r t i e s  of t h e  w e l l ,  f l u i d ,  and reservoi r .  
The program described below was f o n w l a t e d  as t h e  first s t e p  t o  obtain- 
ing t h i s  information. 
.. 
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The objec t ives  of t he  w e l l  test and ana lys i s  program are t o  (1) deter- 
mine w e l l  and reservoi r  c h a r a c t e r i s t i c s ;  (2) ob ta in  d a t a  use fu l  f o r  
d r i l l i n g  f u t u r e  w e l l s ;  (3) determine problem areas relative t o  w e l l  
production; (4) determine poss ib le  environmental problems; and (5) 
remedy poss ib le  sk in  damage i n  t h e  w e l l .  
A b r i e f  record of important events which have happened t o  the  w e l l  
s i nce  t h e  completion of d r i l l i n g  on Apr i l  27, 1976, is given i n  Table 
1.1. 
s t i l l  present a t  t h e  d r i l l  site. 
varying periods - once on Ju ly  2, a second t i m e  on Ju ly  19, a t h i r d  time 
on J u l y  21 t o  check instrumentation, and then f o r  a longer period of 4 h r  
on Ju ly  22 t o  obta in  preliminary values f o r  wellhead pressure and tempera- 
Water i n j e c t i o n  tests were completed on June 6 with t h e  mud pumps 
HGP-A has been f lashed  four  t i m e s  f o r  
t u r e  and t o t a l  mass flow rate. Beginning on Apr i l  29, temperature and 
pressure p r o f i l e s  i n  the  w e l l  bore were obtained a t  various t i m e s ,  and 
beginning on August 19, water a t  d i f f e r e n t  depths i n  t h e  w e l l  bore w a s  
sampled t o  obta in  chemical analyses. 
The 4-hr w e l l  f l a sh ing  on Ju ly  22 was accomplished by using t h e  cas ing  
program shown i n  Fig. 1.1 and t h e  wellhead instrumentation shown i n  Fig. 
1.2. The son ic  flow, l i p  pressure  methodl w a s  used t o  ob ta in  t o t a l  mass 
flow with  l i p  pressure being measured a t  t h e  end of a v e r t i c a l  6-in. 
discharge tube. In  addi$ion, an 8-in. discharge tube mounted horizon- 
t a l l y  w a s  a lso flowed f o r  a b r i e f  time. 
ture were obtained from a bleedl ine  cont ro l led  by a 2-in. valve. 
Wellhead pressure and tempera- 
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Table 1.1. Well test chronology of HGP-A, 1976 
Date Event 
Apr. 27 
Apr. 29-May 24 
May 27-June 1 
June 6 Water injection tests 
June 7-20 
profiles measured 
JUIW 22-24 
June 26 and 30 
July 2 
July 3-19 
July 19 
July 20-21 
July 21 
July 22 
July 22-Aug. 18 
Aug. 19 
Aug. 26 
Drilling completed to 6450 ft 
Well bore temperature profiles measured 
Slotted liner installed 
Well bore temperature and pressure 
Unsuccessful attempt to flash HGP-A 
Temperature and pressure profiles measured 
HGPA flashed for 4 min 
Well flowed twice daily to maintain casing 
Well flahed for 50 min 
Well flowed twice daily to maintain casing 
Well flashed for 30 sec 
Well flashed for 4 hr 
Temperature and pressure profiles measured 
Water samples obtained at different depths 
Temperature and pressure profiles measured 
temperature 
temperature 
in well bore 
4 
a 'c' 
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The l i p  pressure a t  the  end of the  4-hr f l a sh ing  w a s  23 psig,  which 
corresponds t o  a mass flow of about 220,000 l b / h r  i f  assuming a 
s p e c i f i c  enthalpy of 405 ca l /g  (600 Btu/lb).  Using t h i s  f i g u r e  f o r  
s p e c i f i c  enthalpy and assuming a conversion e f f ic iency  of 15% leads  
t o  a usable electric power equivalent of a l i t t l e  over 5 MW. 
Figure 1.3 shows a p lo t  of temperature vs pressure f o r  HGP-A a few hours 
a f t e r  the  4-hr f lash ing  on Ju ly  22. 
point represents  the  depth of t ha t  da ta  poin t  with respect  t o  t h e  sur- 
face  a t  the  w e l l  site. 
The number adjacent  to each da ta  
Also on the  f i g u r e  is the  boi l ing  poin t  curve 
f o r  pure water. 
appeared t o  have reached a depth s l i g h t l y  g rea t e r  than 1400 m (4600 f t )  
below the  sur face  a t  the  w e l l  site. 
As can be seen, the  f l a s h  poin t  i n  the  w e l l  bore 
Measurements of temperature vs depth and of pressure vs depth f o r  HGP-A 
f o r  up to 2-1/2 months a f t e r  t he  f l a sh ing  ind ica t e  t h a t  the major pro- 
duction region is  probably between 1070 (3500) and 1370 m (4500 f t )  deep 
and t h a t  a lesser-producing zone of probably lower temperature may exist 
around 1830 m (6000 f t) . 
1.2 THE PROPOSED F’LOW TEST 
Tests and analyses planned f o r  t he  proposed flow test covered by t h e  
assessment include (1) temperature and pressure  prof i les ;  (2) sustained 
long-term discharge; (3) va r i ab le  f low-rate discharge; (4) pressure 
d r a w d m  and buildup; ( 5 )  steam qua l i ty ;  (6) casing i n t e g r i t y ;  (7) cold 
1-8 
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f l u i d  inf lux;  (8) downhole flowmeter; (9) in te r fe rence  tests using obser- 
vat ion water w e l l s ;  (10) s ca l ing  and corrosion effects of e f f luent ;  and 
(11) cheaical  analyses of downhole water samples. 
Figure 1.4 is a sketch of the  planned equipment and instrumentation f o r  
the  discharge test. As shown, the  method involves bas i ca l ly  the  James 
technique1 f o r  measuring t o t a l  mass flow with twin cyclone separa tors  
f o r  s i lenc ing  and separat ion of steam and water. A 90° notch weir w i l l  
be used t o  measure the l i q u i d  flow rate, permitt ing ca lcu la t ion  of steam 
qual i ty  and s p e c i f i c  enthalpy. I n  addi t ion ,  a calorimeter w i l l  be  used 
to  provide an independent measurement of t he  s p e c i f i c  enthalpy. A 2-in. 
twin cyclone sampler w i l l . b e  used t o  obta in  gas and vapor samples f o r  
chemical analyses, and a recovery tube w i l l  be  mounted on t h e  wellhead 
t o  permit temperature and pressure p r o f i l e s  t o  be obtained during the  
f l o w  test. 
During the period when the  w e l l  test equipment is being b u i l t  and in- 
stalled, preliminary t e s t s  will be undertaken p r i o r  t o  actual f l a sh ing  
flow. F i r s t  there  w i l l  be a casing i n t e g r i t y  test t o  determine whether 
any col lapse of the casing has occurred. A "go-devil," having an  outs ide  
diameter s l i g h t l y  smaller than the  actual casing diameter of 8.755 in., 
w i l l  be  lowered slowly on a wire l i n e  t o  probe f o r  any s i g n i f i c a n t  - 
blockage of the w e l l  bore. 
A second test w i l l  involve slow, nonflashing flow through the  bleed l i n e  
_ -  ree times the  casing volume has been emptied. Fluid u n t i l  roughly t h  
E S  3038 
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Fig. 1.4. Hawaii Geothermal Project - flow test equipment and 
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temperatures w i l l  be monitored at  the  wellhead and at  various depths 
during t h i s  period, and water samples w i l l  be taken before and a f t e r  
the  test. Analysis of t h e  temperature and chemical da t a  should give 
some indica t ion  of whether there  is cold f l u i d  en ter ing  the  w e l l  bore 
over t h e  casing depth o r  a t  the  junc t ion  of casing and l i n e r .  
Following t h i s  phase, t he  flaw rate through t h e  2-in. bleed l i n e  w i l l  
be increased gradually u n t i l  f lash ing  flow is achieved. This gradual 
increase  w i l l  permi t  the  wellhead casing t o  reach operating (flashing) 
temperature without being subjected t o  stresses assoc ia ted  with sudden 
increases i n  temperature. 
Once t h e  system temperatures are 
t e s t i n g  w i l l  be performed i n  seve ra l  tests over a six-month period. 
F i r s t ,  tests t o  determine the  production capac i ty  of HGP-A w i l l  be  
undertaken. During t h i s  phase t h e , w e l l  w i l l  be  allowed t o  flow a t  
operating levels, sus ta ined  flow 
various f r ac t ions  (e.g., 10, 25, 50,  75, o r  100%) of wide-open flow 
f o r  a t o t a l  period of about one month. 
series of tests w i l l  allow determination of production flow rate and 
steam fra-ction as functions of wellhead conditions. 
Measurements taken during t h i s  
This information, 
along with chemical analyses of samples of steam, l i q u i d ,  and noncon- 
densable gases, w i l l  a i d  i n  the  f u t u r e  s e l e c t i o n  of an  energy conversion’ 
system - t h a t  is, whether i t  w i l l  be a permanent un i t  o r  a small por tab le  
unit  t o  be used i n  conjunction with f u r t h e r  t e s t i n g  of HGP-A. 
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A longer-term, sus ta ined  discharge test w i l l  follow the  production 
capacity tests f o r  t he  purpose of estimating r e se rvo i r  cha rac t e r i s t i c s .  
For this phase the  w e l l  w i l l  be  flowed a t  a constant rate f o r  periods 
of two weeks o r  longer, and t r a n s i e n t  pressure measurements w i l l  be  
taken a t  the  bottom of t h e  w e l l .  The pressure drawdown and buildup 
(after t h e  w e l l  is shut  i n )  d a t a  w i l l  allow a rough estimate of t h e  
permeability and ex ten t  of t he  r e se rvo i r  t o  be made. Also t o  be measured 
are the  c h a r a c t e r i s t i c s  of t h e  e f f l u e n t  (temperature, s p e c i f i c  enthalpy, 
chemical composition, etc.) t o  d e t e c t  any changes i n  the producing zones 
o r  t o  alleviate poss ib le  s k i n  damage. 
I n  an attempt t o  pinpoint t h e  producing zones, damhole flowmeter tests 
are being contemplated. 
meters w i l l  be placed so as t o  s t r a d d l e  a suspected producing zone, 
I f  t hese  tests prove f e a s i b l e ,  downhole flow- 
providing information leading t o  a determination of t h e  f l u i d  produced 
i n  t h a t  stratum. 
I n  conjunction with these  sus ta ined  long-term discharges, t h e  water 
levels of seve ra l  water w e l l s  i n  t h e  immediate v i c i n i t y  w i l l  be  mon- 
i to red .  
of t h e  reservoi r .  
Any measurable changes w i l l  be  incorporated i n  t h e  evaluation 
Concurrent with the  w e l l  production t e s t i n g  and r e se rvo i r  evaluation 
phases, tests w i l l  be conducted t o  eva lua te  t h e  sca l ing  and corrosion 
e f f e c t s  of the e f f luen t .  Specimens of var ious  materials w i l l  be 
located (1) on t h e  separa tor  w a l l ,  (2) i n  t h e  l i q u i d  behind t h e  w e i r ,  
-. 
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and (3) i n  the  air  surrounding the  discharge and w i l l  be examined 
per iodical ly .  
Throughout the  course of t he  w e l l  t e s t i n g  program, downhole water 
samples and temperature and pressure p r o f i l e s  w i l l  be taken during 
those i n t e r v a l s  when the w e l l  is shut  i n  o r  i s  being bled through the  
2-in. bleed l i ne .  
Figure 1.5 is a time schedule f o r  t h e  tests described. 
w e l l  test w i l l  run f o r  a period of s i x  months - November 1, 1976 to  
Apr i l  30, 1977. 
Smaller volumes w i l l  be re leased during t h e  s t a r t u p  phase (15 t o  
20 days) and during va r i ab le  flow tests. 
a sump dug i n t o  the  b a s a l t i c  subs t ra te .  
(20 x 20 f t )  and w i l l  be dug to  a depth t h a t  w i l l  allow percola t ion  
through the basa l t .  
The proposed 
About 1 mil l ion  gpd w i l l  flow during f u l l  f lashing.  
The f l u i d s  w i l l  flow i n t o  
The sump w i l l  be about 6 x 6 m 
The maximum number of workers a t  t h e  s i te  is expected t o  be less than 
1976 
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REFERENCE FOR SECTION 1 
1. Russell James, "Measurement of Steam-Water Mixtures Discharging 
at the Speed of Sound to the Atmosphere," N. 2. Bag., pp. 437-41 
(October 1966). 
a 
2. DESCRIPTION OF THE SITE AND ENVIRONS 
2.1 SITE LOCATION 
The HGP-A w e l l  l oca t ion  is i n  t h e  Puna d i s t r i c t  on t h e  eas t e rn  s i d e  of 
the Big Island, H a w a i i  (Fig. 2.1). 
land area of t he  Island. The s i te  is  about 6.4 km (4 miles) ESE of 
the  town of Pahoa adjacent t o  the  Pahoa-Pohoiki Road (19°28'30"N by 
Puna represents  about 15% of t h e  
154°53'30tV) (Fig. 2.2) 
The Pu'u Honualoa volcano is about 1.2 km (0.75 mile) NE of the  si te 
and is e a s i l y  v i s i b l e  from t h e  si te,  
craters are located a t  about the  same d i s t ance  south  of t he  site. 
Tree S t a t e  Park i s  1.6 km (1 mile) nor th  of t h e  site, and a University 
of H a w a i i  Experimental S t a t ion  i s  loca ted  1.6 km (1 mile) south of t h e  
site. 
The Pu'ulena, Pawai, and Kahuwai 
Lava 
The si te i t s e l f  includes the  w e l l  and surrounding area, a parking area, 
a l a rge  s torage  shed, and a 681,000-liter (180,000-gal) l i n e d  water 
The t o t a l  area of a c t i v i t y  is less than 15 acres. s torage  reservoi r .  
2.2 DEMOGRAPHY 
The Puna d i s t r i c t  is sparse ly  populated. 
is the  town of Pahoa, about 6.4 km (4 miles) NW of t h e  site. 
The nearest population cen te r  
Pahoa is 
an a g r i c u l t u r a l  community and has only about 900 r e s iden t s .  The l a r g e s t  
c i t y  on t he  Island i s  Hi10 (population 26,353) some 24 lcm (15 miles) nor th  
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Fig. 2.1. Location of HGP-A within Puna district of the Island 
of Hawaii. 
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of the  site. 
1000 are Pahala, Naalehu, Captain Cook, Honokoa, and Papaikau; a l l  have 
populations less then 2500 (Fig. 2.1).l The r e s i d e n t  population of t h e  
Island is 63,468 with a mean density of 16 persons/sq mile (Ref. 2). 
Towns on the  Big Island having a population g rea t e r  than 
There is only one occupied dwelling wi th in  a 1.6-km (1-mile) rad ius  of 
the site. There is a r e s i d e n t i a l  development 3.2 km (2 miles) NW of t h e  
s i te ,  bu t  there  are no occupants a t  t h i s  t i m e .  
2.3 REGIONAL HISTORIC AND ARCHAEOLOGICAL SITES AND NATURAL LANDMARKS 
Two loca t ions  on the  Island of Hawaii are l i s t e d  i n  "The National 
Registry of Natural Landmarks" - Mauna Kea and t h e  Makalawena Marsh.3 
Both are located north and w e s t ,  f a r  removed from the  si te.  
Hi s to r i ca l ly ,  Puna has played a r e l a t i v e l y  i n s i g p i f i c a n t  r o l e  i n  t h e  
centur ies  of Polynesian c i v i l i z a t i o n .  
family or chief and was dominated by the  bordering d i s t r i c t s  of Hilo 
and Ka'u. 
Puna produced no important 
Table 2.1 lists the  na t iona l  h i s t o r i c  sites on t h e  I s land  of H a w a i i ;  
however, t h e  area immediately surrounding t h e  exploratory d r i l l i n g  s i te  
cons i s t s  of recent as w e l l  as p r e h i s t o r i c  lava flaws. 
the  1955 eruption of t h e  Kilauea volcano, any archaeologically o r  his-  
t o r i c a l l y  s i g n i f i c a n t  material within t h e  area, o r  for  t h a t  matter within 
t he  region, i f  present p r i o r  t o  t h i s  environmental change, would have 
As a r e s u l t  of 
been covered by lava flow. 
4 
4 
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Table 2.1. National historical sites on the Island of Hawaii 
Name Location Comment 
Mookini Heiau 
Mauna Kea ADZ Quarry 
City of Refuge National 
Honokohau Settlement 
Historical Park 
Kamokahonu, Residence of 
King Kamehameha I 
Puukohota Heiau 
South Point Complex 
Heiau in Kupuipahu 
Hulihee Palace 
Northern tip of island, 
1 mile west of Upolu Airport; 
>lo0 miles from site 
site 
>70 miles from site 
Kailua Kona; >lo0 miles from site 
and west of Kailua Wharf; >70 
miles from site 
North end of island, 1 mile 
SE Kawaihae; >90 miles from site 
Southern tip of island; 
>70 miles from site 
Hawaii vicinity; >lo0 miles 
from site 
Kailua Kona; >90 miles from 
site 
25 miles NW of Hilo; >50 miles from 
20 miles south of Kailua Kona; 
Honokohau Bay, just north of 
NW edge of Kailua Bay, north 
Sacrificial temple 
Prehistoric quarry 
Site of sanctuary for all 
who sought asylum 
Prehistoric settlement 
Residence of King Kamehameha I 
Temple associated with rise 
Prehistoric habitat 
of power of King Kamehameha I 
Elaborate temple 
Residence of past governor 
~~~ ~ 
Source: U.S. Dept. of the Interior, The National Register of Historic Places, 1972; and Supplement to 
the National Register of Histaric Places, 1974. 
Examination of t h i s  lava-covered region, as w e l l  as the  older  ground 
cover within the  study area, f a i l e d  t o  uncover any evidence of archaeo- 
log ica l  sites, a r t i f a c t s ,  o r  other  da t a  t h a t  would ind ica t e  p reh i s to r i c  
occupation o r  a c t i v i t y  i n  this tract of land. 
2.4 GEOLOGY 
The southeastern p a r t  of the Is land of 
asymmetrical shield volcano (Kilauea) and its associated r i f t  zones 
is doJni=ted by an 
I 
(Fig. 2.3). The east r i f t  zone i s  of p a r t i c u l a r  interest because i t  
4 
L 
2 
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Fig. 2.3. Relationship of the g e o t h e m l w e l l  site to the east 
r i f t  zone of Kilauea. 
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passes through the  Puna d i s t r i c t  and the  geothermal w e l l  is  located 
within it. The southwest r i f t  zone extends i n t o  t h e  Ka'u d i s t r i c t ,  
50 or  more kilometers p30 miles) west of t h e  w e l l  site.4 Two f a u l t  
systems, the Hil ina and Koae systems (Fig. 2.3), are a l s o  r e l a t ed  t o  
Kilauea . 
It is  believed tha t  magma i n  this region rises as a plume from depths 
of 50 t o  75 km (30 to  45 miles) within t h e  ea r th ' s  mantle. 
of erupt ion of t h i s  magma a t  the sur face  have been a c t i v e  i n  the pas t  
two centur ies  - Kilauea and its l a rge r  neighbor t o  the  w e s t ,  Mauna Loa. 
Mauna Loa w a s  more ac t ive  throughout the  nineteenth and the  f i r s t  half  
of t he  twentieth century,  but Kilauea has been more a c t i v e  s ince  the  
1950s. A th i rd  volcano, Hualalai, has been dormant s ince  1801. 
Mauna Loa achieved i ts  present s i z e  by t h e  end of t he  Ice Age, Kilauea 
Two centers  
Whereas 
is probably st i l l  i n  its growth s tage.  
Muna Loa a re  fed by separa te  magma chambers because, except i n  1868, 
there  are no h i s t o r i c  periods when the  two volcanoes erupted wi th in  
br ie f  time in t e rva l s  of one a n ~ t h e r . ~  
It is  probable t h a t  Kilauea and 
Major eruptions of Kilauea occur as f l ank  eruptions.  As Kilauea begins 
to  swell, lava wells up i n  t h e  caldera.  
through the surface along one o r  both of t h e  p r inc ipa l  r i f t  zones. 
the f lank  eruptions take place,  t he  caldera  a t  Kilauea subsides. 
Then f l ank  erupt ions b u r s t  
As 
Earthquakes always accompany the eruptions. 
crease i n  frequency and i n t e n s i t y  as Kflauea s w e l l s  over a several-month 
Earthquake precursors in- 
L 
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period preceding a f lank  eruption. Seismicity reaches a peak as erupt ion  
commences and continues sporadica l ly  as long as Kilauea continues t o  sub- 
s i d e  and the  f lank  eruptions p e r s i s t .  
Earthquake ac t iv i ty  does not always culminate i n  volcanic eruption. 
earthquake s w a r m  took place i n  the  Puna d i s t r i c t  i n  1924 without t he  
occurence of volcanism. 
a f a l s e  sense of s ecu r i ty  when, i n  1955, earthquake swarms were followed 
by massive eruptions t h a t  l a s t e d  in t e rmi t t en t ly  f o r  88 days .4 
An 
This l ed  the  r e s iden t s  of the  community i n t o  
2.4.1 S t ruc ture ,  physiography, and s t r a t ig raphy  
The de ta i l ed  geologic discussions t h a t  follow are l a rge ly  d i r ec t ed  t o  
the east r i f t  zone, where the  w e l l  s i t e  is located. The east r i f t  zone 
trends 6.4 km (4 miles) SE from t h e  caldera of Kilauea. 
N65OE and extends t o  Cape Kumukahi, t he  easternmost poin t  of t h e  Puna 
d i s t r i c t .  From there ,  i t  passes out  t o  sea f o r  a d is tance  of perhaps 
115 km (70 miles). 
It then tu rns  
The r i f t  zones of t he  Hawaiian volcanoes d i f f e r  from t h e  major r i f t s  
t ha t  form boundaries between c r u s t a l  plates as they are being pul led  
apar t .  I n  t h e  lat ter case, the  rift extends beneath t h e  ocean f l o o r  
and magma rises d i r e c t l y  from below. I n  the  case of t he  Hawaiian 
volcanoes, however, t he  r i f t  zone is not believed t o  extend below 
the  ocean f loo r ;  t h e  lava migrates l a t e r a l l y  from t h e  s h i e l d  volcano 
(e.g., Kilauea) , producing f l ank  eruptions up t o  160 km (100 miles) 
away 
4 
I 
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The east r i f t  zone has several d i s t i n c t i v e  physiographic fea tures .  
is l inked t o  the  caldera  of Kilauea by a series of p i t  craters, which 
are r a t h e r  unevenly d is t r ibu ted .  
the w e l l  s i t e  are located three p i t  craters - Pu'ulena, Pawai ,  and 
It 
Within 1.2 km (0.75 mile) south of 
Kahuwai. About s i x t y  s p a t t e r  and cinder  cones and two p a r a s i t i c  s h i e l d  
volcanoes are a l s o  found along the east r i f t  zone. A 45-m (150-ft)  
cinder cone, Pu'u Honualoa, l ies about 1 km (0.6 mile) NE of t h e  w e l l  
s i t e  (Fig. 2.2). 
scarps.  
tu rn ,  covered by more recent  lava  flow^.^,^ 
Fina l ly ,  there  are a number of s l i g h t l y  eroded f a u l t  
Older lava flows are truncated by these  scarps ,  which are, i n  
The s t r a t i g r a p h i c  sec t ion  exposed in t h e  Ka'u and Puna d i s t r i c t s  is 
divided i n t o  two volcanic  series. 
the Hilina and i s  separated from the upper series (Puna) by t h e  Pahala 
ash,  a sandy to  s i l t y  v i t r i c  yellow ash. 
The lower (older)  series is  ca l l ed  
Both series cons is t  of oceanic 
b a s a l t  l ava  flows, together with cinder  cones and ash deposi ts .  
Hi l ina volcanic series i s  a succession of t h i n  l ava  flows with a cumula- 
The 
tive thickness of a t  least 304 m (1000 f t ) .  
ranges from one o r  two t h i n  flows t o  perhaps more than 128 m (420 f t )  
The overlying Puna series 
I 
thick.  
and t h e  r i f t  zones r ad ia t ing  from it.5 
The Puna series has been erupted e n t i r e l y  from Mlauea ca ldera  
- 
Although a few in t rus ive  rocks are exposed in Kilauea and its r i f t  
zones, they are not  w e l l  exposed because of l imi ted  erosion. 
mainly vertical dikes  t h a t  are a few inches t o  a few f e e t w l d e .  They 
are w e l l  exposed i n  the  w a l l s  of caldera ,  and some s t r i k e  p a r a l l e l  t o  
They are 
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t h e  east r i f t  zone. 
manifested as f i s su res .  
is exposed i n  the  Kilauea crater. 
belong t o  t h e  Puna volcanic series and c o n s i s t  of gabbro and a few 
"exotics" r e su l t i ng  from c r y s t a l  s e t t l i ng .5  
Within t h e  r i f t  zones these  vertical dikes are 
A s i l l - l i k e  body, t h e  Ulwekehuna l a c c o l i t h ,  
A l l  t h e  exposed i n t r u s i v e  bodies 
2.4.2 Tectonic h i s to ry  
The Hawaiian Island chain is very young by geologic standards.  
o ldes t  rocks of the major i s l a n d s  exposed above sea level are believed 
t o  have formed during the  Pliocene epoch (3 t o  12  mi l l i on  years ago). 
On t he  b a s i s  of rad ioac t ive  age da t e s  and o the r  evidence, t he  rocks 
of Oahu and i s l ands  f u r t h e r  south are believed t o  be no o lder  than 
Pleistocene (15 thousand t o  3 mi l l ion  years o ld) .  
The 
The i s l and  of H a w a i i  is t h e  youngest of a l l  t h e  i s lands .  It is the  
only i s l and  having a h i s t o r i c a l  record of volcanic a c t i v i t y  and t h e  
only i s l and  considered t o  be se i smica l ly  active. 
of t h e  Island of H a w a i i  have normal magnetic p o l a r i t i e s ,  suggesting 
t h a t  they belong t o  t h e  Bruhnes paleomagnetic epoch (less than 800 
thousand years old).  
All t he  l ava  flows 
The rocks of U l a u e a  and Mauna Loa are t h e  youngest of al l .  
members of t he  Ifilina volcanic  series of Kilauea i n t e r f i n g e r  w i th  t h e  
The o l d e s t .  
youngest Ninole series of Mama Loa. Therefore, t he  o l d e s t  rocks exposed 
at  Kilauea are probably on t h e  order of 100 thousand years. 
canic series, which o v e r l i e s  the Hilina, is subdivided i n t o  two members: 
The Puna vol- 
4 
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(1) a p r e h i s t o r i c  la te  Pleistocene member, which i n  places i s  capped by 
sand dunes and (2) an h i s t o r i c  member t h a t  is s t i l l  accumulating. 
2.2 is  a record of eruptions on the  east r i f t  of Kilauea t h a t  have 
Table 
occurred i n  the  h i s t o r i c  period. 
Table 22 Historic eruptions of the east rift of Kilauea, 1760-1969 
Year Duration Area Volume (yd3 X 10') (days) (sq miles) 
? 1.57 19.5 1750(?1 
37.7 
184V 26 6.60 281 .O 
? 1884 1 At sea 
0.1 
1790(?) ? 3.04 
1923 1 0.20 
1955' 88 6.1 120.0 
1962 2 0.02 
36 4.1 155 196@ 
1961 
1963 3 0.06 
1963 
1965 
1965 1 0.23 
1968 
1968 
1969 
l969d May 24-Nw. 20 
3 0.3 3.0 
0.4 
1.1 
23.0 
1.2 
2 1.3 9.1 
6 0.01 0.1 
15 0.8 9.0 
10 3.0 
22.0 
71.0 
6 2.3 
4.8 
'Broad zone along the east rift, including the well site. 
'Including the immediate area of the well site. 
'4 miles east of well site. 
dStitl in progress on date of recording; th is  eruption occurred 10 to 
15 mites west of the well site. 
Source: G. A. Macdonald md A. T. Abbott, Volwroes in the Sea - the Geology of Hawaii, University of Hawaii Press, Honolulu, 1970. 
Fault  movement is  a l s o  s t i l l  taking place. 
recent  age cascaded over o lde r  f a u l t  scarps ,  bu t  were themselves dis- 
placed by subsequent movement. 
Many Puna lava flows of 
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2.4.3 Seismicity 
The Island of H a w a i i  i s  t h e  only i s l and  i n  t h e  Hawaiian chain t h a t  could 
be charscterized as a se i smica l ly  active region. 
occasionally occur on t h e  o ther  i s l ands ,  the  g r e a t  majority take placn 
Although earthquakes 
on H a w a i i ;  most of t he  earthquakes are small and do l i t t l e  o r  no damage. 
The U. S . National Oceanic and Atmospheric Adminis t r a t ion6  provides a 
more or less complete list of earthquakes (Modified Mercalli I n t e n s i t y  
2 V) i n  the Hawaiian Islands,  beginning wi th  a major earthquake i n  1868 
and extending through 1970. 
are a l s o  l i s t e d  by N O M .  
Between 1834 and 1868, two other  earthquakes 
The geologic-geographic d i s t r i b u t i o n  of t hese  
earthquakes is shown i n  Table 2.3. 
Although the re  is no published record of earthquakes i n  Hawaii f o r  t h e  
f i r s t  ha l f  of t he  1970s, a ,par t icu lar ly  s t rong  earthquake (7.2 on t h e  
Richter s ca l e )  occurred immediately of fshore  from Kaiutu Beach on t h e  
south coas t  of t h e  Puna d i s t r i c t  In  November 1975. 
on land, it would have been capable of causing near t o t a l  des t ruc t ion  
in the  ep icen t r a l  area and extensive damage i n  immediately adjacent 
regions 
I f  i t  had occurred 
The earthquake of 1868, which a lso  occurred near t h e  south coas t  of t h e  
I s land  of Hawaii, had an  estimated I n t e n s i t y  (Modified Mercalli) > X. 
This earthquake caused near ly  complete des t ruc t ion  of wooden s t r u c t u r e s  
at Kelawa, Punaliu, and Ninole, loca ted  near t h e  terminus of t h e  southwest 
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Table 2.3. Distribution of earthquakes, 1834-197v 
Location Number 
102 Hawaiian Island Chain 
Island of Hawaii 
Volcanoes and associated rifts 
Kilauea 
Mauna Loa 
Huablai 
Faults subparallel to rifts 
Kaoiki (Mauna Loa) 
Kealakekua (Mauna Loa) 
South and south coast 
Other locale# 
Unidentified by locale 
Other islands 
85 
47 
21 
20 
6 
6 
5 
1 
2 
12 
18 
13 
4 Unidentified by locale 
'There may be minor errors in the dassification due to 
uncertainty of epicenter locations. 
*Uncenain association with volcanoes, rift zones, and 
subparallel fault systems. For example, two earthquakes 
have been identified as having occurred at Hilo, on the east 
coast. They could have been placed in either the Mauna Kea 
or Mauna Loa rift zones. Perhaps, on the other hand, they 
are unrelated to volcanism. 
Source: J. L. Coffman and C. A. von Hake, edt.. 
Earthquake History of tho US., U.S. National Oceanic and 
Atmospheric Administration, US. Dept. of Commerce, 
US. Government Printing Office, Washington, D.C., 1973. 
r i f t  zone of Kilauea, and lands l ides  beyond Hilo on t he  east coast  as 
f a r  as Waipio and Hamakua. Fissures extended along the  southwest r i f t  
zone from Pahalo t o  Kilauea. At Kohuku, volcanic erupt ions accompanied 
the  opening of a 4.8-km-long (Smi le )  f i s su re .  Ground swells of 0.3 t o  
0.6 m (1 t o  2 f t )  occurred, and a Tsunami wave exceeding 18 m (60 f t )  i n  
height s t ruck  the  Ka'u-Puna coast ,  sweeping s t ruc tu res  off  t h e  b e a ~ h . ~ ~ ~  
The year 1868 w a s  a l s o  a b i g  year f o r  volcanic eruptions; i t  is  t h e  only 
h i s t o r i c a l  period i n  which Mauna Loa and Kilauea erupted s i m ~ l t a n e o u s l y . ~  
. 
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I n  addi t ion  t o  t h e  f i s s u r e  eruption on t h e  southwest r i f t  zone of 
Kilauea, an offshore eruption occurred on t h e  seaward extension of 
the  east r i f t  zone. 
A t  least 5 intermediate (Mercalli VI and VII) and 16 minor (Mercalli V) 
i n t e n s i t y  earthquakes have been experienced a t  Kilauea and i ts  assoc ia ted  
r i f t  zones s ince  1834. A l l  the  intermediate shocks were capable of caus- 
ing l i g h t  t o  moderate damage t o  wooden s t ruc tu res .  
mediate shocks took place along the  east r i f t  zone of Kilauea i n  the  
Puna d i s t r i c t ;  two occurred a few months before t h e  extensive volcanic 
eruptions of 1955, and the  t h i r d  occurred during t h a t  eruption. 
Three of t h e  in t e r -  
2.4.4 Mineral resources 
The mineral deposits of t he  Puna d i s t r i c t  are q u i t e  l imited.  Cinders 
and pumice are the only known explo i tab le  resources i n  t h e  east r i f t  
zone of Kilauea. Widely d i s t r i b u t e d  over a l l  t h e  i s l ands ,  they are 
used f o r  r a i s ing  orchids,  weed con t ro l  around flower gardens, and deco- 
rative purposes. Semiprecious gems have been found loca l ly .  Pele's 
tears (black, opaque obsidian drople t s )  are abundant around Halemaumau 
on Kilauea. 
they d r i f t  away from f i r e  fountains.  
seen during eruptions on t h e  rift zone, Pe le ' s  tears might be present  
in t h e  Puna d i s t r i c t .  
are a r t i f i c i a l .  Hawaiian o l i v i n e s  (peridot) are found i n  t h e  1840 lava 
They are produced from broken ends of g l a s s  f i laments  as 
Because f i r e  fountains have been 
Most of t h e  Pe le ' s  tears so ld  i n  H a w a i i ,  however, 
flows of t h e  Puna d i s t r i c t ;  however, they are too small t o  be of gem 
.. 
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qua l i ty ,  and therefore  per idot  is  imported from the  U.S. mainland f o r  
sale i n  , loca l  jewelry stores. 5 
I n d u s t r i a l  minerals are a l s o  l imited.  A l a rge  s u l f u r  deposi t  occurs 
along the  rim of Kilauea caldera,  and traces of s u l f u r  have been found 
along steam vents o f  Kilauea. Sulfur  has not  been mined commercially 
i n  Hawaii. 
t i on  i n  other parts of the  world and i n  sa l t  domes of t he  Louisiana- 
Its wide a v a i l a b i l i t y  as a by-product of petroleum produc- 
Texas  Gulf Coast probably precludes i ts  development i n  H a w a i i  except 
possibly f o r  l o c a l  use. 
Hawaiian basales,  but  as y e t  no e f f e c t i v e  means of separa t ing  the  
Ti tan i fe r rous  magnetite (TiFe201,) occurs i n  
titanium has been achieved. I lmenite (FeTiOg) and r u t i l e  (TiOp) are 
the two pr inc ipa l  sources of titanium. Although these  two o r e  minerals 
have not been reported on Hawai i ,  ilmenite is commonly associated with 
magnetite. It is usually found i n  l a r g e  q u a n t i t i e s  only i n  massive 
in t rus ive  pe r ido t i t e  bodies. Although p e r i d o t i t e  i s  commonly found 
as l o c a l  inclusions i n  the  lavas of H a w a i i ,  no extensive p e r i d o t i t e  
bodies are known t o  occur there.  
d o t i t e  is  t o  be expected i n  view of t h e  accepted theory of formation 
of a mantle plume. The major mineral cons t i tuents  of p e r i d o t i t e  are 
olivine and pyroxene, and the common accessory minerals are magnetite, 
t i t a n i f e r r o u s  magnetite, and ilmenite. 
have high melting points.  
plume forms and p e r i d o t i t e  sinks to  the  bottom, thus forming the  
upper mantle buried deep beneath the Hawaiian Is land c h a h .  
The absence of l a rge  bodies of per i -  
These minerals are heavy and 
As p a r t i a l  melting takes  place, a mantle 
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Large depos i t s  of low-grade bauxite (aluminum) o r e  w e r e  found i n  post- 
erosional,  deeply weathered b a s a l t s  on t h e  i s l a n d s  of Kauai and M a ~ i . ~  
The high cos t  of power, d i s tance  from markets, and government restric- 
t ions  were among t h e  disadvantages t h a t  forced abandonment of mining 
development there. Even i f  bauxite mining should become attractive i n  
the  fu tu re ,  Kilauea and its associated r i f t  zones would be unlikely 
sites f o r  development. 
period of deep weathering. Since the  Kilauea volcanics are t h e  youngest 
rocks of t h e  e n t i r e  Hawaiian Island chain, very l i t t l e  o re  concentration 
Natural bauxite enrichment requi res  a long 
could have taken place there.  
Water is  t h e  only valuable mineral resource t h a t  might be d is turbed  by 
the  test w e l l  in Puna d i s t r i c t .  
2.4.5 Known geothermal resources 
Although a number of p o t e n t i a l  geothermal resource sites probably exist 
i n  the  various r i f t  zones of t he  I s land  of Hawaii, t h e  only known geo- 
thermal resource area is t h e  s i te  f o r  which t h i s  assessment is being 
prepared. The Pahoa s i te  of t he  east r i f t  zone of Kilauea was se l ec t ed  
on the  b a s i s  of a geophysical ( se l f -poten t ia l )  anomaly together wi th  
other evidence. 
on t h e  east r i f t  of Kilauea, and although t h e  presence of a geothermal 
resource has not been demonstrated, t he  p o t e n t i a l  exists.' 
s c i e n t i s t s  involved in t h i s  p ro j ec t  be l i eve  t h a t  t h e  Pahoa site o f f e r s  
the  b e s t  chance of recovering geothermal 'f luid.  
Two o the r  s e l f -po ten t i a l  anomalies were a l s o  loca ted  
Research 
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Only a few holes have been d r i l l e d  t o  test f o r  t h e  presence of geo- 
thermal resources on Hwaii. Several shallow test holes  were d r i l l e d  
in 1962 i n  t h e  Puna d i s t r i c t  by Hawaii Thermal Power Company. 
reached a bottom-hole temperature of 102OC (215OF), bu t  very l i t t l e  steam 
One ho le  
was produced.' 
(4140 f t )  beneath t h e  s d t  of Wlauea. 
i n  t h i s  hole w a s  137'C (279OF). 
the  bottom of the  hole  [160 m (525 f t )  below sea l e v e l ]  t o  500 m (1640 f t )  
above sea l eve l .  
more s a l i n e  than seawater. 
I n  1973 a research hole  w a s  d r i l l e d  t o  a depth of 1262 m 
The highes t  temperature recorded 
Rock is f u l l y  sa tu ra t ed  with water from 
Electric w e l l  logs suggest t h a t  t h e  water is  s l i g h t l y  
2.5 HYDROLOGY 
2.5.1 Groundwater 
Groundwater resources i n  Hawaii's Puna d i s t r i c t  occur i n  two major forms. 
A por t ion  of the  water is confined wi th in  porous compartments bounded by 
r e l a t i v e l y  impermeable dikes.  These dikes are comonly v e r t i c a l  o r  
s t eep ly  dipping and are generally associated wi th  r i f t  zones. However, 
t h e  major freshwater source is  b a s a l  water. It occurs as a broad lens- 
shaped groundwater body, commonly c a l l e d  a Ghyben-Herzberg lens ,  and 
f l o a t s  on t h e  denser s a l t  water beneath the  i s l and .  In t he  Puna dis- 
trict, the  basa l  water is unconfined and occurs wi th in  t h e  underlying 
b a s a l t i c  reservoi rs  as f r e s h  o r  brackish water. 
Eight sites have been used to  evaluate t h e  groundwater q u a l i t y  of Puna. 
The loca t ions  of each w e l l  and sp r ing  are i l l u s t r a t e d  i n  Fig. 2.4; 
# 
-. 
I 
q&, BRACKISH WATER 
Fig. 2 . 4 .  Location of sampled wells and spring, Puna, Hawaii. 
Source: 
U l e m l  Development in Puna, Hawaii, Hawaii Geothermal Project, Honolulu, 
September 1976, Fig. 2 ,  p .  14. 
University of Hawaii, Environmentat Basetine Study for Geo- 
ES 3035 
t " -4 
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Table 2.4 lists the  chemical analyses of each si te.  
predominantly a sodium-bicarbonate type; w e l l s  9-5 and 9-7 may be  re- 
These samples are 
garded as representative.  
na te  i o n  f o r  reasons presently unknown. 
Well s h a f t  9 is anomalously high i n  bicarbo- 
Chloride content i n  each sample is generally high f o r  basa l  Water due 
t o  l o c a l  conditions. 
ly ing  salt  water where the  basa l  l e n s  thins out  and i s  read i ly  d is turbed  
by t i d e s  o r  a c t i v e  pumping. 
d i s tance  from the  coas t  decreases. 
brackish, as exemplified by the  Isaac Hale Spring. 
a lso  occur fu r the r  inland when hea t ing  induces t h e  upward movement of 
sal t  water and subsequent mixing. 
high s a l i n i t i e s  displayed a t  w e l l  9-9 and geothermal d r i l l  ho le  No. 3. 
Near the  coast ,  groundwater mixes wi th  t h e  under- 
Local s a l i n a t i o n  therefore  increases  as 
S i t e s  c l o s e  t o  shore are commonly 
Brackish waters may 
These conditions y i e l d  the  r e l a t i v e l y  
In  add i t ion  t o  changes i n  s a l i n i t y ,  an increase  i n  temperature may a l s o  
a f f e c t  s p e c i f i c  i on  exchange reac t ions .  
30°C (86'F), the  basa l  water e x h i b i t s  an increased i n t e r a c t i o n  w i t h  the 
surrounding basa l t s .  
l a r g e r  ch lor ide  concentration, excessive amounts of potassium and silica, 
and a decrease i n  magnesium. 
A t  temperatures g rea t e r  than 
T h i s  temperature-dependent r eac t ion  creates a 
Groundwater coliform and f e c a l  coliform analyses i n d i c a t e  generally 
pollution-free r e se rvo i r s  and are l i s t e d  i n  Table 2.5. 
form concentrations i n  the Allison well are believed t o  be assoc ia ted  
The high co l i -  
with l o c a l  contamination during sampling. 
I 
Table 2.4. Chamid data. ~wndvntew ond dnwmter, Puna. H D m i i  
Concentration (mghiter) Temperature 
P t°C) pH Na K C8 h CI HCO, SO, SiO, N' Old State Name D8tO number number 
1.30 36.0 2.72 1.58 2.7 13.5 48 21.1 50.0 0.252 0.018 
9 7  248741 KdapanaSntkn 14-75 28.5 7.68 89.6 5.20 5.30 8.6 132.2 38 37.2 44.5 0.070 0.058 
1.80 85.8 6.60 42.4 37 16.9 312 20 53.6 0.378 0.233 9 3OfIO-02 K8pohoshh.h 1-6-75 25.5 
1-6-75 33.0 1.42 238 13.6 23.0 28 303.5 48 204 11.3 0.014 0.040 96 308141 Airstripwall 
<0.002 7.35 216 10.8 13.4 15 281 132 69.2 24.1 >14 
58 507 81.5 1.218 0.016 
8-5 2988-01 pllha~ Station 1-6-75 
Atlison well 1-7-15 31.5 --. 
IWE H& h k  1-7-75 36.0 7.75 2020 88.0 32.4 200 3534 
LWI 
Spring. 
9-9 278301 ~ d 8 m o  Kiwall 1-1-75 52.3 1.02 2105 109 66.8 210 3811 144 411 100.7 0.280 0.006 
Geothermal No.3 1-7-75 93.0 6.85 2056 190 76.8 52 3274 30 314 96.6 0.003 0.008 
4.5 0.25 0.25 0.75 7.2 -2.5 0 0.024 <0.002 Rain at K d a p w  16-75 
Station 
*NO2 a d  NO, as N. 
Sawes: Unhnrslty of Hawaii. Envimmntal B d i n e  SrUm, for Geothmd Oewlopmmt in Puna. Hawaii, Hmlulu, Lptembar 1976. 
ru 
Y 
rd 
Y 
Table 2.5. Microbiological quality of groundwater, Puna, Hawaii 
Remark Date 
of Coliform MPN Fecal coliform MPN Name 
Wenhhah State 
number number sample (No. per 100 mll (No. per 100 ml) 
9-5 2986 Pahoa 1-6-75 <3 -3 Unchlorinated 
9-7 2487-01 Kalapana 1-6-75 <3 <3 Unchlorinated 
sample 
sample 
9 3080-02 Kapoho shaft 1-6-75 460 <3 
9-6 3081 Airstrip 18-75 e3 <3 
9-9 2783 Malama Ki 1-7-75 a <3 
lsaac Hale 1-7-75 1.500 7 
Beach Park, 
hot spring water 
I 
2881 Allison 1-7-75 324,000 93 Well bottom 
mud in sample 
Source: University of Hawaii, fnvironmntsl Baseline S t u e  far Geothermal D w l o p m t  in Puna, HaHwii, Hono- 
lulu, September t876. 
‘c t 
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A t  present,  the  s a l i n i t y  as a function of depth f o r  t h e  geothermal w e l l  
is unknown. 
ing  a s h o r t  flaw test yielded a s a l i n i t y  of 2322 ppm (Ref.  9). 
of t h e  deep water samples wi th  a pressure bomb compared favorably wi th  
those from the  flaw test; however, these  r e s u l t s  were considered suspec t  
because of the high temperature encountered, which caused contamination 
of t h e  pressure bomb as i t  w a s  withdrawn from t h e  hole. 
Water samples t h a t  were taken from the  top of the  hole  dur- 
Analyses 
If r e l i a b l e  conclusions can be drawn from the  chemical analyses of t h e  
water samples, they suggest t h a t  e i t h e r  (1) t h e  base of t h e  Ghyben- 
Herzberg l e n s  i s  very deep or (2) mixing of salt and f r e s h  water has  
taken place, l oca l ly  e l imina t ing  t h e  lens .  The low concentration of 
t o t a l  dissolved s o l i d s  (2322 ppm) i n  w e l l  samples ( f a r  less than t h e  
35,000 ppm TDS of normal seawater) may be  t h e  r e s u l t  of (1) convective 
c i r c u l a t i o n  of ho t  seawater mixing with f r e s h  water (cold seawater w i l l  
not mix with the  overlying f r e s h  wafer because of i ts  higher dens i ty)  
o r  (2) an abnormally shallow water tab le .  
water t a b l e  a t  the  well is not  known, but i t  is probably more than 90 m 
(300 f t )  above sea level. 
The a c t u a l  e l eva t ion  of t h e  
This suggests t h a t  t h e  bottom of t h e  ho le  
(1768 m (S800 f t )  below sea level] is w e l l  above t h e  bottom of t h e  
Ghyben-Herzberg lens. 
Phrea t ic  explosions during e rupt ions  i n  the eastern p a r t  of t h e  Puna dls- 
t r ic t  and near Kilauea suggest t h a t  water is  indeed trapped a t  shallow 
depth. Keller8 be l ieves  that the water t a b l e  lies 500 m (1640 f t )  above 
sea level a t  Kilauea. Phrea t i c  explosions are caused by l a r g e  q u a n t i t i e s  
- 
t T 
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of water being flashed t o  steam a t  r e l a t i v e l y  shallow depth. 
basa l  water could conceivably cont r ibu te  t o  ph rea t i c  explosions a t  east 
Puna, i t  could not be the  case a t  t h e  higher e leva t ions  c lose r  t o  Kilauea. 
Many phrea t i c  explosions are almost c e r t a i n l y  caused by water trapped a t  
shallow depth i n  d ike  complexes. 
Although 
2.5.2 Surface water 
Surface water sources i n  t h e  Puna d i s t r i c t  are near ly  nonexistent except 
f o r  i s o l a t e d  ponds, spr ings ,  o r  reservoi rs .  
of undissected upland displaying few, i f  any, es tab l i shed  stream channels. 
Streams are in t e rmi t t en t  due t o  l imi ted  watersheds and t h e  high permea- 
b i l i t y  of t h e  b a s a l t i c  s o i l  and rock. 
Most of t he  area c o n s i s t s  
2.6 LAND USE 
Land use  on the  Island of H a w a i i  is about evenly divided between agr i -  
c u l t u r a l  and fores ted  land (see Table 2.6). The third-ranking category 
is rec rea t iona l ,  primarily because of t h e  l a r g e  Volcanoes National Park 
surrounding Kilauea (Fig. 2.2). 
The Puna district is primarily forest (commercial and noncommercial open 
land). Other l a r g e  land ca tegor ies  are conservation ( fo re s t  reserves) . 
and ag r i cu l tu re .  
young s o i l s  t h a t  have developed on lava (mollisols) and weakly developed 
soils that have developed on volcanic ash ( incept i so ls )  . Therefore, t h e  
The so i l s  of Puna d i s t r i c t  are well-drained, r e l a t i v e l y  
p o t e n t i a l  f o r  large-scale, highly productive a g r i c u l t u r e  is  limited.  
- 
? t 
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Tabla 2.6. Land use - Island of Hawaii 
Land use 
Land area 
bred 
Sugar cane 
Vegetable 
Orchard 
Grazing 
Dairy 
Poultry 
Idle agriculture 
Forest 
Forest reserve 
Recreation 
Game management 
National park 
Urban 
Undeveloped residential 
Developed 
Pali and barren land 
Water 
Total 
114,775 
1,916 
21,529 
794,629 
3 
7 
0 
197,823 
7 10,260 
794 
19,288 
21 1,688 
74,429 
12,146 
421,945 
101 
2,584,320 
Source: University of Hawaii, Atlas of Hawaii, 
Department of Geography, University of Hawaii 
Press, Honolulu, 1974. 
Table 2.7 lists e x i s t i n g  land use acreage i n  t h e  Puna d i s t r i c t .  
land dominates (752 of the  land area) i n  t h i s  category. 
includes p a r t  of t h e  Volcanoes National Park and state land. 
Open 
Recreation 
Agriculture is  t h e  primary means of exis tence  f o r  Puna res idents .  A 
summary of a g r i c u l t u r a l  acreage and crop va lue  ( for  recent  years) i n  
the  Puna d i s t r i c t  is shown i n  Table 2.8. 
a g r i c u l t u r a l  acreages generally are not loca ted  in areas of recent lava 
flows, whereas the  s i te  is. 
It should be noted t h a t  t h e s e .  
c f 
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Table 2.7. Existing land use in Puna district 
Existing land use Land area (acres) 
Residential 2,219.3 
Manufacturing 32.1 
Nonmanufacturing 391.6 
Services 124.1 
Social 42.2 
Recreation 52,095.1 
Agriculture 27,748.1 
0.0 Transportation (non-road1 
237.370.3 Open (forest) 
Total 320,051.6 
Retail 28.8 
(not including roads) 
Source: Hawaii County Research and Develop 
ment Department, unpublished data, 1976. 
Table 2.8. Summary of tcmap for major agricultural activities in Puna 
Craa Planted acreage Value ($1 -. _r 
15.300 32,600,000 ( 1974) 
4,890,000 ( 1975) 
855,000 ( 1974) 
Sugar 
1,840 Papaw 
Macadamia 2,450 
Anthurium 
Other flowers 
247 
168 (County)' 237,000 ( 1974) 
Truck farming 171 
75 Guava 
58 Orange and tangerine 
'1974 data based on County of Hawaii Research and Development 
Department Testimony to the Civil Aeronautics Board. 
Source: County of Hawaii Research and Development Department 
and State of Hawaii Depanment of Agriculture, unpublished data, 
1976. 
* t 
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2.7 WATER USE 
Surface water i n  t h e  area of t h e  s i te  is  near ly  nonexistent. 
w e l l s  exist i n  t h e  v i c i n i t y  (Sect. 2 . 5 . 1 ) .  
brackish basa l  water (Fig. 2 .4  and Table 2 . 4 ) .  
records q u i t e  f r e s h  water. 
area is not potable o r  good f o r  a g r i c u l t u r a l  uses. 
Several  
Well water tends t o  be 
The Pahoa S t a t i o n  
However, in general ,  groundwater in t h e  
2.8 CLIMATOLOGY 
The climate of Hawaii ' s  Puna d i s t r i c t  is typ i f i ed  by mild equable 
temperatures, moderate humidities, nor theas te r ly  t rade  winds, l a r g e  
d i f fe rences  in prec ip i t a t ion  within s h o r t  d i s tances ,  and infrequent 
severe storms. 
Because Puna is  located wi th in  the  t rop ic s ,  t h e  length of day remains 
r e l a t i v e l y  uniform throughout t he  year. Solar r ad ia t ion  and d a i l y  
temperatures therefore  d isp lay  only s l i g h t  v a r i a t i o n  from season t o  
season. 
Because water warms and cools more slowly than does air, i t  regu la t e s  
the  temperature and humidity of air masses p r i o r  t o  t h e i r  arrival a t  
Hawaii and moderates any harsh q u a l i t i e s  t h e  air might otherwise display. 
Hawaii's weather is  f u r t h e r  modified by t h e  surrounding ocean. 
C l i m a t i c  conditions are f u r t h e r  influenced by Hawaii's wind pa t t e rns  
and l o c a l  topography. 
by t h e  nor theas te r ly  trade winds associated with the nearby P a c i f i c  
High. 
Hawaii's wind and storm pa t t e rns  are dominated 
When these no r theas t e r l i e s  o r  o the r  air  masses reach t h e  i s l and ,  
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the topographic d i v e r s i t y  frequently induces p r e c i p i t a t i o n  and l o c a l  
storms as the  cooling a i r  travels up and over the  i s land .  
trade-wind conditions,  weather pa t t e rns  f a l l  under the  influence of 
e f f e c t s  from low-pressure areas, o the r  high-pressure zones, cold f r o n t s ,  
o r  d iu rna l  heating. 
During non- 
2.8.1 Temperature and humidity 
Temperatures i n  Puna are mild and d isp lay  only s l i g h t  annual va r i a t ion .  
Throughout t he  year,  nearby Hilo experiences a range of only 2.7OC (SOF) 
between monthly means. Averages vary from 21.7OC (7l0F) i n  January t o  
24.4OC (76'F) i n  August.1° Annual temperature ranges i n  and around t h e  
Puna d i s t r i c t  are l i s t e d  i n  Table 2 .9 .  
Tabie 2.9. Temperature ranges in and around Puna dirttict 
Elevation above Mean January Mean August 
Station sea level (h) temperature (" F) temperature (" F) 
Hilo 40 71 76 
Mountain View 1530 65 70 
Hawaii National 3971 58 64 
Park 
Source: D. Blumenstock and S. Price, "The Climate of Hawaii," climates of 
rim States, vol. 2, Water Information Center, Inc., Port Washington, N.V., 1974. 
Daily temperatures along Puna's nor theas t  coas t  commonly f l u c t u a t e  -y 
4.4 t o  8.3'C (8 t o  UOF) between e a r l y  morning and late afternoon extremes. 
August and September br ing  the  wannest temperatures, which occasionally 
reach 32.2OC (OOF), but  r a r e l y  exceed 35.0°C (95'F) . February and March 
are t h e  cooles t  months, with temperatures only rarely falling to  around , 
10°C (50'F) . lo 
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Humidity is generally moderate t o  high i n  t h i s  area, ranging from 
65 t o  90% (Ref. 1). Under t r ade  wind conditions,  the  moist air below 
1220 m (4000 f t )  is confined under a dry, high-temperature invers ion  
layer.  Occurring 50 t o  70% of t h e  time, this l a y e r  suppresses most 
v e r t i c a l  air movement and restricts cloud formation t o  t h e  lower 
layers .  10 
Windward areas such as Puna tend t o  be  c loudier  during t h e  summer when 
t rade  winds and t rade  wind clouds preva i l .  
similar t o  the  d r i l l  s i te ,  the  sky is cloudy (8/10 o r  more cloud cover) 
40 t o  60% of the  t i m e  during daylight hours and clear (3/10 o r  less 
cloud cover) 15 t o  20% of t h e  time.1° 
I n  windward lowland areas 
2.8.2 Wind c h a r a c t e r i s t i c s  
Wind pa t t e rns  a t  the d r i l l  s i t e  are dominated by t r ade  winds c rea t ed  by 
the  P a c i f i c  High northeast  of Hawaii. Strongest during the  afternoons,  
the trade winds are dorminant during 90% of t h e  summer and 50% of t h e  
winter. 
frequently exceeding 19 km/hr (12 mph).l 
winds become l i g h t  and va r i ab le  and may y i e l d  to  d iu rna l  heating, thus 
producing onshore sea breezes during t h e  day and of fshore  land  breezes 
at  night.  
downslope wind pa t t e rns  c rea ted  by nearby mountains. 
These winds come o u t  of t h e  nor theas t  80 t o  95% of t h e  time, 
During t h e  absence of t r ades ,  
This regime is enhanced by t h e  daytime upslope and nighttime 
Between October and Apr i l ,  H a w a i i  may be subjected t o  t h e  souther ly  
winds of Kona (leeward) storms. I n  addi t ion ,  migrating cold f r o n t s  
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t 
may induce pa t te rns  typ i f i ed  by the southwesterly winds t h a t  precede 
and the northerly winds t h a t  follow the  f ron t s .  
and t r ade  winds may be  severe enough t o  damage l o c a l  vegetation o r  
s t ruc tu res .  
On occasion, the storm 
2.8.3 Prec ip i t a t ion  
Ra in fa l l  i n  H a w a i i  cons i s t s  primarily of orographic (mountain-caused) 
rains due t o  moist t rade  winds encountering the  i s l and  slopes.  Also, 
convective showers typ i f i ed  by l a r g e  cumulus clouds and loca l i zed  b r i e f  
showers may occur over the  i n t e r i o r  on calm sunny days. Heaviest r a i n s  
generally occur during the winter (October t o  Apr i l )  season. These 
r a i n s  may drop 7 . 6  c m  (3 in . )  o r  more i n  a s i n g l e  hour and, during 
record r a i n s ,  up t o  27.9 c m  (11 in.) i n  an h0ur.l 
are not uncommon, pa r t i cu la r ly  when the  winter storms f a i l .  
Droughts, however, 
Average annual rains i n  Puna range from 190 cm (75 in.)  along the  
southeast  coast  t o  318 t o  381 c m  (125 t o  150 in.) along the  nor theas t  
coast  t o  508 cm (200 in.)  along Puna's northwest margin. 
183 m (600 f t )  above sea level, geothermal w e l l  No. 3 receives an  annual 
p rec ip i t a t ion  of about 318 cm (125 in.) .I  
12.2 m (40 f t )  above sea level, t he  average monthly summer and winter 
r a i n f a l l  is 24.08 cm (9.48 in.) and 33.81 cm (13.31 in.) respec t ive ly .  
Located a t  
A t  nearby Hilo, elevated 
The w e t t e s t  month i s  March, which 
and t he  d r i e s t  is June, which has 
has an average of 39.24 c m  (15.45 in.), 
an average of 17.27 cm (6.80 in.) . l0 
I t 0 
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may induce pa t t e rns  typ i f i ed  by the southwesterly winds t h a t  precede 
and the  nor ther ly  winds t h a t  follow the  f ron t s .  
and t rade  winds may be severe enough t o  damage l o c a l  vegetation o r  
On occasion, the  storm 
s t ruc tu res .  
2.8.3 P rec ip i t a t ion  
Rainfall i n  H a w a i i  cons i s t s  primarily of orographic (mountain-caused) 
r a ins  due t o  moist t r ade  winds encountering the  i s l and  slopes.  Also, 
convective showers typ i f i ed  by l a r g e  cumulus clouds and loca l i zed  b r i e f  
showers may occur over the  i n t e r i o r  on calm sunny days. Heaviest rains 
generally occur during the winter (October t o  Apr i l )  season. These 
r a ins  may drop 7.6 c m  (3 in.)  o r  more in a s i n g l e  hour and, during 
record r a ins ,  up t o  27.9 cm (11 in.) i n  an  hour. 
are not unconnnon, p a r t i c u l a r l y  when the  winter storms f a i l .  
Droughts, however, 
Average annual r a i n s  i n  Puna range from 190 cm (75 in.) along the  
southeast  coast  t o  318 t o  381 c m  (125 t o  150 in.)  along the  nor theas t  
coast t o  508 cm (200 in.) along Puna's northwest margin. 
183 m (600 f t )  above sea level, geothermal well No. 3 receives an annual 
p rec ip i t a t ion  of about 318 cm (125 In.) 
12.2 rn (40 ft) above sea level, the  average monthly summer and winter  
Located a t  
A t  nearby Hilo, elevated 
rainfall is 24.08 cm (9.48 In.) and 33.81 c m  (13.31in.) respectively.  
The wettest month is March, which has an average of 39.24 c m  (15.45 in.), 
and the d r i e s t  is June, which has an  average of 17.27 cm (6.80 in.).1o 
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2.8.4 Storms and extreme weather 
Although storms are frequent i n  H a w a i i ,  they are o f t e n  b r i e f  and only 
r a re ly  severe.  
showers, although l o c a l  areas may receive s t rong  winds and heavy 
r a i n f a l l .  
Most storms cons i s t  of l i g h t  t o  moderate t r ade  wind 
Trade wind conditions are less dominant during t h e  winter months, as 
evidenced by more frequent cloudiness, r a i n f a l l ,  and storm a c t i v i t y .  
U n a  storms are low-pressure areas which develop northwest of H a w a i i  
and move eastward. These areas induce moist southerly winds and are 
ind ica t ive  of bad weather i n  H a w a i i .  
. 
Intense loca l ized  storms may 
r e s u l t ,  occasionally with periods of thunder and l igh tn ing .  Cold 
f r o n t s  may a l so  reach the  Puna d i s t r i c t  during non-trade-wind condi- 
t i ons ,  causing severe storms, s t rong  winds, intense loca l i zed  rains, 
and sudden drops i n  temperature. Although funnel clouds may occur 
under a va r i e ty  of conditions,  they are o f t en  assoc ia ted  with cold 
f ron t s .  
most funnels occur as waterspouts t h a t  may d r i f t  onshore and cause 
Averaging 20 s i t i n g s  per year i n  and around the  I s lands ,  
l o c a l  damage. Tornadoes are a l s o  known t o  develop over t he  i n t e r i o r  
of the  Islands. 
i n  the  upper atmosphere. Such weather resembles Kona storms and o f t e n  
creates towering cumulus clouds, thunderstorms, widespread and torren- 
tial rains, and winds from almost any d i r ec t ion .  
Severe weather may be a t t r i b u t e d  t o  low-pressure areas 
Not l imi ted  t o  winter months, t r o p i c a l  storms are most l i k e l y  t o  occur 
from Ju ly  t o  December. Typified by in t ense  winds, only a few reach 
E 2 
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hurricane i n t e n s i t y  - 118 km/hr (74 mph). Only four  t r u e  hurricanes 
have a f fec ted  H a w a i i  i n  a 63-year period. However, a t rop ica l  storm 
of less in t ens i ty  may be expected t o  a f f e c t  t h e  Islands every one o r  
two years.  
2.8.5 Air qua l i ty  
The a i r  over Hawaii's Puna d i s t r i c t  is c lean  and low i n  pol lu t ion .  
Frequent t rade  winds r ead i ly  d i spe r se  most p a r t i c u l a t e s  and chemical 
contaminants. 
determinations on samples from the d r i l l  s i te ,  Hilo, and the  Sul fur  
Banks; these values are l i s t e d  i n  Table 2.10. 
A t  the  present t i m e ,  a i r  q u a l i t y  da ta  cons i s t  of mercury 
The d r i l l  s i te  air  
sample yielded nearly one-half of t he  Sul fur  Banks mercury content. 
However, this may be only a t r a n s i t o r y  va lue  due t o  wind movement and 
temperature gradient e f f e c t s .  
Table 2.10. Air valuer for mercurv, Island of Hawaii, May 22,1975 
Location Measurement (pg m-3) 
Drill site air 1.11 f 0.58 
Hilo air 0.44 f 0.27 
Sulfur Banks, Hawaii Volcanoes National Park air 2.6 f 0.51 
Source: University of Hawaii, Environmental Baseline Study for Gect 
thermal Deveiopmnt in &a, hbmii, Hawaii Geothermal Project, Honolulu, 
September 1976. 
f P I 
8 
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2.9 ,ECOLOGY 
The Hawaiian Is lands are removed from mainland p lan t  and animal popu- 
l a t i o n s  by 3220 t o  6440 km (2000 t o  4000 miles) of ocean. 
a t  which small groups of gravid females, propagules, or sexually com- 
The rate 
pa t ib l e  p a i r s  reach the  i s l ands  from mainland s tocks is extremely low. 
Only c e r t a i n  types  of organisms ( i .e . ,  those tha t  f l y ,  swim, o r  f l o a t  
o r  those tha t ,  a t  some t i m e  i n  t h e i r  l i f e  cycle ,  are transported along 
with such organisms) could poten t ia l ly  survive the journey. Even a f t e r  
a r r i v a l ,  success of small populations is rare. * l2 Theref ore  , the  
na t ive  fauna and f l o r a  of H a w a i i  have developed from a very few suc- 
cess fu l  colonizat ions.  
The successful ly  colonizing populations have radiated into new habitats 
and adapt ive modes. In time, t h i s  has allowed the evolution of unique 
species  and races q u i t e  d i f f e r e n t  from t h e i r  mainland ancestors  and, 
i n  addi t ion,  has allowed d ive r s i f i ca t ion  and spec ia t ion  within groups 
on the  i s lands . l l  
many species are found nowhere else. 
The Hawaiian fauna and f l o r a  are therefore  unique; 
Since the a r r i v a l  of western man 200 years ago, two f ac to r s  have con- 
t r ibu ted  t o  the dec l ine  of na t ive  b io t a  - the  introduct ion of exot ic  
species  and hab i t a t  disturbance. 
and animals have been introduced f o r  ag r i cu l tu re ,  p e s t  control ,  exhi- 
b i t ion ,  and various o ther  purposes; many have become establ ished as 
breeding populations. I n  so doing, they have replaced na t ive  spec ies  
Hundreds of European and Asian p l an t s  
P I 
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by exer t ing  predation o r  twiupeLirion pressures f o r  which the endemic 
species were iiot adapted. Western man's encroachment of the i s lands  
and h i s  cu l t i va t ion  and Indus t r i a l i za t ion  of l a rge  areas have caused 
s ign i f i can t  reduction i n  habi ta t .  
as a r e s u l t ,  is reduced t o  small enclaves high on mountain s lopes  
and o the r  areas not amenable t o  man's activit ies.  
The na t ive  b io t a  of tile islands, 
2.9.1 Flora  
More than 2500 kinds oi higher p l an t s  occur i n  the  Hawaiian I s lands  
and nowhere else. These p lan ts  have evolved from about 275 spec ies  
of na tu ra l  immigrants. However, the in t roduct ion  of exo t i c  p l an t s  
by man, the grazing of introduced animals, and the  des t ruc t ion  of 
hab i t a t  have relegated na t ive  p lan ts  t o  remote areas. 
The d r i l l  s i t e  area is located a t  an exposed lava flow. Because of 
t h i s ,  much of the area is i n  the ea r ly  s t ages  of primary succession. 
The undisturbed part of the  lava flow consists of barren lava covered 
by a dense growth of l i chens  with sca t t e red  small  f e rns  and ohia  
(Metrosideros cottina) sapl ings ,  thus typifying the usual  succession 
of p l an t s  on lava  flows i n  H a w a i i .  
The b a s i c  undisturbed f o r e s t  l a  t h i s  region c o n s i s t s  predominantly of 
ohia trees, the  s ize  of t he  trees being d i r e c t l y  r e l a t ed  t o  the  age  of 
the underlying lava flow. Hence, most of the  trees are of small to  
medium height,  although the re  are apparent lcipukas i n  which the  trees 
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reach t o  about 30 m (100 f t )  i n  height.  
the ohia trees cons i s t s  l a rge ly  of f a l s e  staghorn f e r n  ( ~ c r a n o p t e f i s  
linearis) with seve ra l  spec ies  of orchids s c a t t e r e d  throughout; infrequent 
t reeferns  (Cibotium sp.) occur i n  areas wi th  the  l a r g e r  trees. 
vine (Freychetia arborea) is  widely d i s t r i b u t e d  i n  areas with l a r g e r  
ohia trees. 
no g rea t  age. 
The ground cover under and around 
The ieie 
This vegetation is t y p i c a l  of t h a t  found on lava  flows of 
In  disturbed areas, however, the  vege ta t ion  cons i s t s  predominantly of 
introduced trees, shrubs, vines, and grasses.  Such exot ic  vege ta t ion  
is found along roads, i n  the  v i c i n i t y  of Lava Tree S t a t e  Park, and i n  
most areas downslope of t h e  d r i l l f n g  site. Exotic vegetation along the 
roads and trails cons i s t s  of such p l an t s  as mango (Man~fera  indica) ,  
papaya (Carica s p  .) , guava (Psidiwn g w - a v a ) ,  bamboo (Bambusa spp .) , 
kukui ( A l e d t e s  moluccana) , sugarcane (Saccharum off?khmmm), bana 
(Musa sp . ) ,  Indian pluchea (PZuchea indica) ,  Jamaica vervain (Stachy- 
tarpheta jamaicensia), and sensitive p l an t  (Mimosa pudica). 
t i on  of Norfolk I s land  pines (Araucma e z c e k a )  occurs between Lava 
Tree S t a t e  Park and the d r i l l i n g  site, and t h e r e  are groves of a l b i z i a  
(AZbida f a Z c a M a )  along t h e  road and a t  t h e  park. 
va r i e ty  of exotic p lan t s  i s  found in and around the  park, whose entrance 
i s  1.8 km (1.1 mile) nor th  of t he  d r i l l i n g  site. 
A planta- 
An even wider 
2.9.2 Fauna 
The only mammals na t ive  t o  t h e  Big I s land  are t h e  Hawaiian hoary b a t  
(Lusiumcs cinereus semotus) and the  Hawaiian monk seal (Monaccus 
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schauins Zandi 1 . The ba t  i s  l i s t e d  as endangered and t h e  seal as 
Only the  b a t  p threatened by L e  U.S. Department of I n t e r i o r .  l 3  ten- 
t i a l l y  exists i n  the area considered in t h i s  assessment (Sect. 2.9.3). 
The hoary ba t  is  s o l i t a r y  and roos t s  i n  trees and shrubs; the  p r i n c i p a l  
breeding population is on the  i s land  of H a w a i i .  
b a t ' s  dec l ine  is apparently l o s s  of h a b i t a t  due t o  removal of s h e l t e r i n g  
The reason f o r  t he  
tree growth. The domestic dog (Car&) and pig (Sus) and a commensal 
rat (Rattus) accompanied the Polynesians and became ass imi la ted  wi th  
the  na t ive  fauna. 
Domesticated mnmmals such as European r abb i t s ,  house cats, dogs, catt le,  
goats, sheep, donkeys, and pigs have been brought by western man and 
have es tab l i shed  f e r a l  populations. The l a r g e  herbivores have caused 
the des t ruc t ion  of much of Hawaii's lowland f o r e s t s ,  e l imina t ion  of 
many spec ies  of p l an t s ,  and des t ruc t ion  of h a b i t a t  f o r  endemic animals. 
Feral  cats and dogs prey on b i r d s  and small mammals. 
Wild mammals have been introduced t o  the  i s l ands  as w e l l .  
among these is  the  Indian mongoose (Herpestee autvpunctatus), which w a s  
introduced f o r  rat control.  Instead, t h e  mongoose has fed  ex tens ive ly  
on ground-nesting b i rds ,  causing dec l ine  and ex t inc t ion  of many b i r d  
populations. 
Notable 
Land b i r d s  of e igh t  f ami l i e s  have populated H a w a i i  without known ..elp 
from man. 
fami l ies  (Asian or ig in)  are each represented by one l i v i n g  n a t i v e  species.  
The hawk, owl, crow (American o r ig in ) ,  and Old World warbler 
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The thrush family (American o r ig in )  is represented by two l i v i n g  na t ive  
species.  The Old World f l y  catcher family (American o r ig in )  is repre- 
sented by the  Elepaio. The honeyeater family (Australian or ig in)  w a s  
once represented by f i v e  spec ies ,  but four  are now ex t inc t .  
endemic family, the Hawaiian honeycreepers, o r  Drepanididae, (American 
or ig in)  is perhaps the  world's b e s t  example of "adaptive radiation." 
From a s i n g l e  a n c e s t r a l  species t h a t  reached t h e  Hawaiian I s lands  i n  
the remote p a s t ,  22 species and 24 subspecies of honeycreeper evolved 
on the various i s lands .  
The one 
Of the  22 species, 8 are now ex t inc t .  l4 
Of t h e  66 d i f f e t e n t  unique Hawaiian land b i r d s  t h a t  were known during 
the  nineteenth century, about 35X; are now e x t i n c t  and over 40% are 
considered t o  b e  rare o r  endangered. l 3  The endangered Hawaiian b i r d s  
account f o r  more than half  of a l l  t h e  b i r d s  l i s t e d  by the  U.S. Bureau 
of Sport F isher ies  and Wildlife.  
Forty-eightsspecies of b i r d s  have been successfu l ly  introduced t o  t h e  
i s l ands  and now maintain breeding populations. 
c ia ted  only with disturbed areas and human activities. 
successfully invaded lowland areas of t h e  i s l a n d s  and have contributed 
Many of these are asso- 
Others have 
t o  t h e  dec l ine  of na t ive  avifauna. 
The d r i l l i n g  site and environs is ecologica l ly  youthful due t o  the  
recent lava flow (Sect. 2.9.1). Because t h e  s i ze  of the  ohia  trees 
is d i r e c t l y  r e l a t ed  t o  t h e  age of t h e  underlying lava flow, most trees 
are of small t o  medium height.  Although ohia  f o r e s t s  provide h a b i t a t  
S ' t  
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f o r  the majority of endemic f o r e s t  b i rds  i n  H a w a i i ,  most of these 
species are found a t  higher elevations.  
The surrounding h a b i t a t s  are not s u i t a b l e  f o r  endemic b i rds  except for 
passage. 
d r i l l i n g  s i te  - the  Hawaiian hawk (Buteo S O ~ ~ ~ U S )  and Hawaiian ow1 
(Asio flameus sandwichensis). The Hawaiian hawk is  l i s t e d  as rare 
and endangered by t h e  Department of In t e r io r13  (Sect. 2.9.3) and by 
the S t a t e  Department of Land and Natural  Resources. 
W o  spec ies  may occasionally be found i n  t h e  area of t h e  
Found only on 
the I s land  of H a w a i i ,  i t  is  a small soar ing  hawk t h a t  feeds on rodents 
in open f o r e s t ,  a g r i c u l t u r a l  land, and grassland. 
appears t o  be the  s lopes  of Mauna Loa and windward and Kona coas ts .  
Its prime h a b i t a t  
Birds observed i n  the  site area by a noted o rn i tho log i s t  were a l l  
introduced species (i.e., spot ted  dove, melodius laughing thrush, 
Japanese whi te-eye , common myna, house f inch  , r i ceb i rd ,  and card ina l )  . 
2.9.3 Endangered species 
2.9.3.1 Plants  
As discussed i n  Sect. 2.9.1, endemic p l a n t  spec ies  have been re lega ted  
t o  remote areas and are threatened by t h e  encroachment of agr i cu l tu re ,  
i ndus t r i a l i za t ion ,  and o the r  activities of man. An unknuwn number of 
spec ies  have already become ex t inc t .  
t z 
2-38 
The Puna d i s t r i c t  is not an area of p o t e n t i a l  endangered p l an t  species.  
Apparently, the na tu ra l ly  induced disturbance and t h e  h i s to ry  of human 
use have eliminated rare endemics. 
l o c a l  a u t h o r i t i e s  have f a i l e d  t o  reveal any evidence of rare o r  endan- 
gered p l an t  species i n  t h e  v i c i n i t y  of t he  si te.  
Field surveys and consul ta t ion  wi th  
2.9.3.2 Animals 
There are 12 land animal spec ies  on t h e  I s land  of H a w a i i  t h a t  are l i s t e d  
as endangered w i t h  ex t inc t ion  by the  Federal government.13 
lists these  spec ies  and t h e i r  preferred hab i t a t s .  
Table 2.11 
2.10 COMMUNITY CHARACTERISTICS AND GOVERNMENTAL STRUCTURE 
The r e s iden t s  of Puna are primarily involved wi th  ag r i cu l tu re .  
2.12 is a summary of employment statistics f o r  a g r i c u l t u r a l  act ivi t ies  
Table 
i n  Puna. 
The s a l i e n t  f ea tu re  of governmental s t r u c t u r e  r e l evan t  t o  geothermal 
development is  s impl ic i ty ;  t he  only u n i t  of government o ther  than t h e  
state i t s e l f  is the  county, the  County of Hawaii. 
governments, townships, school d i s t r i c t s ,  o r  improvement d i s t r i c t s ,  
as are typ ica l ly  found on t h e  mainland. 
There are no c i t y  
Because of t h i s  simple and highly cent ra l ized  s t r u c t u r e ,  t h e  pa th  of 
governmental approval f o r  development involving t h e  land is s t r a i g h t  
and shor t :  (1) Land use is regulated by t h e  state Land Use Commission, 
Table 2.1 1. Endangered wildlife of the Island of Hawaii 
Name Habitat Present distribution 
Widespread, open forest, 
agricultural land, grassland 
Hawaiian dark-rumped petral ( u a d  
(pteradram8 ph8ebpVgh S8ndWiCheffSiS) craters 
Hawaiian goose (nene) 
(Bmnta sandvicmsis) away from water 
Hawaiian duck (koloa) 
(A nas wyvi//ianst 
Hawaiian hawk (io) 
(~erteo Soliterius) . 
Hawaiian coot (alae keakea) 
Hawaiian stilt (aeo) 
Hawaiian crow (alalal 
Akiapolaau (Hemignathus wilsoni) 
Hawaii akepa (akepa) Native forests 
Ou (h&t imm pslttacea) 
Palila (hittirostra bai//eui) Mamanenaio forests, 
Oceanic, nests on walls of 
Lava flows 5000-8500 f t  
Coastal lagoons, marshes, and 
mountain streams 
Ponds and lagoons 
Ponds, lagoons, marshes 
1000-8000 ft, forested and 
Upper mountain forests, 
(FU\hx 8mclicBnt) 8\80 
(Him8ntOpUS himantopus Knudseni) 
(Corvus tropicus) ranching areas 
tal l  kau, mamane 
(LOXOpS COCChE8 COCCima) 
Dense mountain rain forest 
w i th  fern understory 
7000-9000 f t  
Flanks of Mauna Kea and Mauna 
Slopes of Mauna Loa and Hualalai; 
Reintroduced experimentally 
Loa 
reintroduction on Maui 
Slopes of Mauna Loa, 
Migrates between islands 
windward and Kana coasts 
Coastal shoreline 
Higher elevations on north and 
south Kana and Kau districts 
Upper forests of Mauna Kea and 
Mauna Loa 
Widely scattered on Mauna Kea, 
Mauna Loa, and Hualalai 
Mauna Kea 
Hawaiian hoary bat 
( h i u r n  C i r m w s  Semotus) 
Mature ohia-lehua and koa 
forests 
h, 
I w 
rD 
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Table 2.12. Summary of employment statistics 
for major agricultural actiwities in Puna 
Employment 
crop Seasonal or 
part-time 
Full-time 
Sugar 428 
265 227 
95 235 
205 
Papaw 
Macadamia 81 
Anthurium 
Other flowers 116 (CountV) 67 (Countv) - 
30 Truck farming 
Source: County of Hawaii Research and Develop 
ment Oepartment and State of Hawaii Department of 
Agriculture, unpublished data, 1976. 
which can r e c l a s s i f y  urban o r  conservation land (such as t h a t  around 
the  governmental w e l l  s i t e )  f o r  i n d u s t r i a l  o r  o the r  urban-type uses. 
and (2) t he  urban rand is under the zoning powers of t h e  county. Envi- 
ronmental l a w s  are administered a t  t h e  state level, its agency being 
the  Environmental Quality Commission. 
ment would be  examined by the  Commission, f o r  example.) 
for geothermal resources and d r i l l i n g  t o  exp lo i t  them is subjec t  t o  
regula t ion  by the  S t a t e  Department of Land and Natural Resources. 
Energy policy,  as w e l l  as economic policy f o r  t h e  state, generally 
is centered i n  its Department of Planning and Economic Development. 
Research f o r  new energy sources is centered i n  the University of 
(An environmental impact state- 
Exploration 
Hawaii. 
t 1 
2-41 
REFERENCES FOR SECTION 2 
I 
1. University of H a w a i i ,  Atlas of Hcwaii, Department of Geography, 
University of H a w a i i  Press, Honolulu, 1974. 
2. !l'he World AZmmrac, Newspaper Enterpr ise  Assoc., Inc., New York, 
1976. 
3. "National Registry of Natural Landmarks," Fed. Regist. 39 (112) : 
20405-56 and 39(203): 37225-26 (1974). 
4. G. A. Macdonald and A. T. Abbott, Volcanoes in the Sea -The 
Geology of Hawaii, University of H a w a i i  Press, Honolulu, 1970. 
5. H. T. Stearns,  Geology of the State of Hawaii, Pac i f i c  Books, 
Publishers,  Palo Alto, Calif . ,  1966. 
6 .  J. L. Coffman and C. A. von Hake, eds., Earthquake History of the 
United States, National Oceanic and Atmospheric Administration, 
U.S. Dept. of Commerce, U.S. Govt. P r in t ing  Office,  Washington, 
D.C., 1973. 
7. University of H a w a i i ,  iPhe H a w a i i  GeothemZ Project. InStSaZ 
Phase 11 Progress Report, Honolulu, February 1976. 
t 8 
2-42 
8. George 
Volcan 
Keller, "Research D r i l l  Hole a t  t h e  Summit of Kilauea 
, H a w a i i , "  i n  The Util ization of Volcano Energy, ed. 
J. L. Colp and A. S. Furumoto, Sandia Laboratories,  Albuquerque, 
N.M., 1974. 
9. Peter Kroopnick, "Memorandum t o  Robert Kamins - Results of 
Chemical Analysis of Water Samples," Department of Oceanography, 
University of H a w a i i ,  Manoa, 1976. 
10. D. Blumenstock and S. Price, "The C l i m a t e  of H a w a i i , "  Ctimates of 
the States, vol.  2, Water Information Center, Inc., Por t  Washington, 
N.Y., 1974. 
11. E .  Mayr, PopuZatiom, Species and Evolution, Belknap Press of 
Harvard University Press, Cambridge, 1970. 
12. R. H. MacArthur and E. 0 .  Wilson, n e  n e o z y  of IsZand Biogeography, 
Princeton University Press, Princeton, 1967. 
13. U.S. Dept. of t h e  I n t e r i o r ,  Threatened h%ZdZife of the United 
States, 1973 ed., Fish and Wild l i fe  Service,  Bureau of Sport 
F isher ies  and Wild l i fe ,  1973. 
14. R. T. Peterson, A FieZd Gu.t'de t o  Western Birds, Houghton-Mifflin 
Co., Boston, 1941. 
2-43 
15 A. 3. Berger, Birds of the Geothermal Test Site, Puna, Hawaii. 
tlGA Preliminary En~romental Analysis, University of H a w a i i ,  
Honolulu, 1976. 
3. POTENTIAL ENVIRONMENTAL IMPACTS 
3.1 PHYSICAL ENVIRONMENT 
3.1.1 Land use 
The p ro jec t  s i t e  presently occupies 1.6 ha (4 acres) and has d is turbed  
an estimated 4 to  6 ha (10 t o  15 acres) of t h e  surrounding land. Agri- 
c u l t u r a l ,  r e s i d e n t i a l ,  r ec rea t iona l ,  and archaeological uses are present 
in t he  surrounding area but are loca ted  a t  some d i s t ance  from the  site. 
No i n d u s t r i e s  are s i t u a t e d  nearby. 
planned during the  well-testing phase of t h i s  p ro jec t ,  add i t iona l  con- 
f l i c t s  i n  land use w i l l  not occur beyond those impacts which a l ready  
Because no f u t u r e  cons t ruc t ion  i s  
exist. Noise, ae s the t i c ,  and visual e f f e c t s  from increases  i n  a c t i v i t y  
and steam plumes w i l l  pose the  g r e a t e s t  p o t e n t i a l  impact. 
A p o t e n t i a l  land use c o n f l i c t  may a l s o  exist wi th  t h e  nearby Lava Tree 
S t a t e  Park. Consti tuting a 6.9-ha (17-acre) parce l ,  t h i s  park is pri-  
marily of geologic i n t e r e s t  and is loca ted  0.8 km (0.5 mile) w e s t  and 
1.8 km (1.1 miles) nor th  of t h e  w e l l  site. However, t h e  w e l l  w i l l  not 
be v i s i b l e  from roads leading i n t o  t h e  park, and general  activities a t  
the w e l l  w i l l  not be v i s i b l e  from within t h e  park boundaries. 
t i on ,  a state f o r e s t  reserve is loca ted  an estimated 11 km (7 miles) 
from t h e  pro jec t  site, and p a r t s  of t h e  Hawaii Volcanoes National Park 
are in the southwest'portion of t h e  Puna d i s t r i c t .  
the  p ro jec t ' s  t e s t i n g  phase would create any v i s u a l  o r  a e s t h e t i c  impacts 
on these  regions. 
I n  addi- 
It is doubtful t h a t  
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Because t h e  w e l l  is loca ted  on a recent (1955) Kilauea lava flow, 
encroachment upon a g r i c u l t u r a l  o r  archaeological p r i o r i t i e s  are minimal. 
The neares t  economic crops cons is t  primarily of sugar cane, papaya, and 
orchids and are loca ted  several miles from t h e  d r i l l  site. 
material o r  workings are a l s o  located a t  s u b s t a n t i a l  d i s tances  from t h e  
site. If any h i s t o r i c a l  material had been present in t he  area, i t  has  
since been buried by the  recent  lava flows. 
Archaeological 
Only one occupied dwelling exists wi th in  1 mile of t h e  site. 
which is  the  only foreseeable p o t e n t i a l  impact on these  r e s iden t s ,  is 
expected t o  be below the  "Discretionary - Normally Acceptable" level of 
65 dB(A) . 
drop of 75 dB 1 mile from the  w e l l  without c r e d i t  f o r  screening o r  o the r  
noise reduction f a c t o r s  such as temperature, humidity, and t e r r a i n .  
Noise, 
Based on normal a t tenuat ion  ca l cu la t ions ,  there  would be a 
3.1.2 Water use 
Water use and consumption during the t e s t i n g  phase w i l l  cons i s t  s o l e l y  
of personnel and maintenance use. The necessary water probably w i l l  be  
trucked or brought i n  thermos containers t o  t h e  site. Because no addi- 
t i o n a l  d r i l l i n g  o r  cooling operations w i l l  be  conducted, water use w i l l  
be minimal and w i l l  not c o n f l i c t  with t h e  freshwater requirements of t h e  
surrounding area. 
The exact groundwater 
probably draws from a 
regime has not  been determined. Although the  w e l l  
water system confined by nearly vertical rif t-zone 
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dikes,  t he  degree of i s o l a t i o n  wi th in  those d ikes  is  not c e r t a i n  (Sect. 
3.1.4). 
water and are s i g n i f i c a n t l y  lower than water levels a t  the  d r i l l  site. 
It is therefore  unlikely t h a t  surrounding groundwater l e v e l s  ou t s ide  
the  diked area containing the  d r i l l  s i te  w i l l  be a f f ec t ed  when geo- 
thermal f l u i d s  are pumped from t h e  pro jec t  site. More hydrological 
data w i l l  be necessary before any s i g n i f i c a n t  eva lua t ions  can be  made. 
I n  addi t ion ,  the s h o r t  duration of t h e  proposed flow test w i l l  r e s u l t  
i n  i n s u f f i c i e n t  f l u i d  volume t o  a f f e c t  t he  genera l  groundwater regime. 
Water tables i n  t h e  surrounding area are predominantly b a s a l  
3.1.3 Air qua l i ty  
Gases associated with t h e  geothermal f l u i d s  have proven t o  be nea r  
ambient conditions thus f a r .  However, f l a sh ing  of t h e  w e l l  has only 
been accomplished in t e rmi t t en t ly  f o r  s h o r t  periods of t i m e .  It is 
questionable whether o r  not t he  f l u i d s  a t  t h e  base of t h e  w e l l  have y e t  
reached t h e  wellhead. I f  gaseous concentrations during t h e  t e s t i n g  phase 
continue a t  their present levels, the impact upon the surrounding area 
w i l l  be negl ig ib le .  However, these concentrations may change conslder- 
ably as monitoring continues a t  t h e  wellhead and the re fo re  may present  
p o t e n t i a l  environmental e f f e c t s  no t  present ly  an t ic ipa ted .  
may be f u r t h e r  influenced by o the r  factors, p a r t i c u l a r l y  t h e  water vapor 
released during t h e  f l a sh ing  phases. Due t o  t h e  moderate and o f t en  windy 
climate of t he  area, t h i s  increase i n  moisture w i l l  generally have l i t t l e  
e f f e c t  on local conditions. 
s ions  w i l l  be negl ig ib le .  
Air q u a l i t y  
Effec ts  from f u g i t i v e  dus t  o r  veh ic l e  emis- 
? I t 
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Air q u a l i t y  samples were taken at t h e  wellhead during f l a sh ing  tr ial  
runs on May 1 and 2 and on June 24, 25, and 26 of t h i s  year. These 
readings were found t o  be less than the  de t ec t ion  threshold for con- 
cent ra t ions  of hydrogen s u l f i d e ,  s u l f u r  dioxide,  carbon monoxide, and 
nitrogen dioxide; carbon dioxide concentrations were a l s o  low. Table 
3.1 compares the a i r  q u a l i t y  during f l a sh ing  wi th  cu r ren t  levels f o r  
the Sulfur Banks and wi th  pas t  l e v e l s  for t h e  Su l fu r  Banks and Puna. 
Comparisons between the  air  qua l i t y  a t  t h e  wellhead and o the r  l oca t ions  
on the  I s land  of H a w a i i  are l i s t e d  i n  Table 3.2. 
Table 3.1. Comparison of past and current fixed gas aerometric data 
a t  the Sulfur Banks and HGP drill site (Puna) 
. Concentration (ppm) 
Gas 1971-1975 May 1-2,1976 June 24-26.1976 
Sulfur Banks Puna Sulfur Banks Puna Sulfur Banks Puna 
Q5 <O. 5 3-4 <0.2 6.4 f 0.8 <0.2 
<O. 5 14-16 a. 5 18.0 t 2.2 <0.5 
co e < O S  1.3-2.0 <O. 5 5.1 f 1.3 <0.5 
<o. 2 <0.2 <0.2 <o. 1 <o. 1 
Source: University of Hawaii, Environmental Baseline Study for Geothermal Devel- 
H2S 
so2 
co2 
NO2 
<25 
>loo9 330 1750t650 360 
opment in Puna, Hawaii. Hawaii Geotfrermal Project, Honolulu, September 1976. 
Table 3.2 Aerometric data for June 24-26,1976'15 HGP-Puna 
and other sites, Island of Hawaii 
Concentration (ppm) 
Halemaumau HGP-Puna Kilauea caldera 
G a s  Sulfur Banks 
Solfotara Steam vent Kau 
6.4 f 0.8 1 <0.25 <0.2 a . 2 5  
SO, 18.0 f 2.2 4.5 7.2 <O. 5 0.5 
co 5,l f 1.3 -2 <Q5 <O. 5 <0.5 
C02 1750f650 440 400 360 385 
H2S 
<o. 1 a. 1 CO. 1 <o. 1 <o. 1 NO2 
Source: University of Hawaii, Environmental Baseline Study for Georhermal Devel- 
opment in Puna, Hawaii, Hawaii Geothermal Project, Honolulu, September 1976. 
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Additional tests were conducted during t h e  f l a sh ing  t o  determine t h e  
possible presence of s u l f u r  t r i o x i d e  o r  s u l f u r i c  ac id  aerosols.  
the  barium chlor ide  and l ead  ch lo r ide  tests yielded no s u l f i d e  prec ip i -  
tate, thus implying a negative finding. 
conducted f o r  t he  w e l l  s i te  emissions. 
i n  May 1975, May 1976, and June 1976 do not exceed 1.2 pg/m3 of d r i l l  
s i te  air and are less than ambient conditions over o ther  vo lcanic  areas 
of t he  Island. 
Both 
Tests f o r  mercury were a l s o  
The r e s u l t s  of t h e  samples taken 
It is  apparent t h a t ,  a t  these  present levels of poss ib le  contaminants, 
w e l l  tests w i l l  not provide hazardous or t ox ic  impacts on t h e  l o c a l  air 
qual i ty .  
t e s t i n g  phase t o  determine and possibly r egu la t e  any v a r i a t i o n  from these  
values. 
with t h e  S t a t e  of H a w a i i  Department of Health, Public Health Regulations 
Monitoring w i l l  be performed, however, throughout t h e  e n t i r e  
A l l  po t en t i a l ly  harmful emissions w i l l  be cont ro l led  i n  compliance 
regarding Ambient A i r  Qua l i ty  Standards (Chap. 42) and Air Pol lu t ion  Con- 
t r o l s  (Chap. 43). 
3.1.4 Water qua l i ty  
The impact of a flow test on groundwater i s  d i f f i c u l t  t o  determine. 
l i t t l e  is  known a t  t h i s  t i m e  about t h e  na ture  of groundwater i n  t h e  region. 
A s u b s t a n t i a l  p a r t  of t h e  groundwater could be  e i t h e r  basa l  water i n  a 
Ghyben-Berzberg l ens  o r  confined water wedged between d ikes  or f a u l t  
ba r r i e r s .  
Too 
I f  salt water does under l ie  f r e s h  water, however, extensive 
flaw t e s t i n g  could eventually lead  t o  sa l twa te r  encroachment. A genera l  
_. ~ 
r a ! 
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lowering of t he  water t a b l e  and ialtwater encroachment could take  place 
i f  production water is  not returned t o  t h e  r e se rvo i r .  
deep sump located next t o  the  w e l l  is  t o  be used f o r  re turn ing  spen t  
water through t h e  highly permeable subs t r a t e .  
be e n t i r e l y  e f f e c t i v e  because evaporation l o s s e s  could reduce t h e  quant i ty  
of recharge. 
due t o  saltwater encroachment, i n j e c t i o n  through the  unlined sump might 
contaminate a shallow aquifer.  
An unlined 20-ft- 
This p r a c t i c e  might no t  
Also, i f  t h e  s a l i n i t y  of production water begins t o  rise 
It is  not  known prec ise ly  what w i l l  happen t o  t h e  water a f t e r  i t  e n t e r s  
the  sump and f i l t r a t e s  i n t o  the  subs t r a t e .  
could t r a p  i t  a t  shallow depth. 
through t h e  sump, i t  could spread out  l a t e r a l l y ,  p a r a l l e l  t o  t h e  strike 
of t h e  dikes (along the  r i f t  zone), o r  o v e r s p i l l  beyond the  d ike  system. 
Another p o s s i b i l i t y  is  t h a t  s i l i ca  dissolved i n  t h e  hot  water w i l l  pre- 
A complex system of d ikes  
I f  a l a r g e  quan t i ty  of f l u i d  passes 
c ip i ta te  as it  cools. P rec ip i t a t ion  of si l ica might clog t h e  pore 
spaces in l ava  underlying the  sump, but  i t  is not  expected t o  occur 
during the  sho r t  dura t ion  of the  flow tests. 
Although saltwater contamination of a shallow aqu i fe r  is conceivable, 
t he  nearest operating water well is over 3 miles from t h e  test w e l l .  
A t  least two w e l l s  have been d r i l l e d  f o r  a g r i c u l t u r a l  use wi th in  about 
1 mile of t he  site. One of these  w e l l s  was d r i l l e d  f o r  t h e  Hawaii 
Agr icu l tura l  Experiment S ta t ion .  The water in t h e  w e l l s  was b a s a l  
r a the r  than being assoc ia ted  with dikes and i t  was too saline t o  be 
used even f o r  i r r i g a t i o n .  
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Several shallow ObSeNatiOn wells and flow tests over an extended period 
of time will provide the necessary data for determining whether drawdown 
and saltwater encroachment are significant. 
Groundwater quality may be affected by contamination with injected fluids. 
At the present wellhead pressure of 67 psi, flow tests will be conducted 
at rates of 10 to 20 bbl/min. 
The volume of water to be injected will be slightly less than that of 
withdrawal due to evaporation.2 
June 2 4 ,  1976, the following concentrations were found in the geothermal 
High-temperature fluids will be withdrawn. 
During a 6-hr trial flow test taken on 
fluid : 
Component Concentration (ppm) 
Na+ 400 
K+ 50 
Ca2+ 5 
Mg2+ 1 
c i  600 
s o p  16 0 
si02 151 
TDS 2322 
These values imply only slightly saline water having a total dissolved 
solids concentration lower than that found in many of the surrounding 
basal water wells. However, due to the uncertain nature of the actual 
source of this geothermal water sample, these concentrations may change 
as flow tests continue during more intensive studies. 
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Accidental s p i l l s  may a l s o  occur a t  the surface of t h e  pro jec t  site. 
High s i l ica  concentrations within the heated f l u i d s  may begin t o  pre- 
c i p i t a t e  during in j ec t ion ,  and the  sump could develop a somewhat imper- 
meable seal. Water may be unable t o  percola te  through t h e  b a s a l t s  a t  a 
s u f f i c i e n t  rate and therefore  may overflow onto t h e  surface.  Surface 
contamination may occur, and groundwater qua l i ty  may subsequently de- 
crease. 
l imi t ing  t h e i r  po ten t i a l  chemical o r  thermal contamination. 
may also pose po ten t i a l  impacts t o  water qua l i t y ,  although they are 
more l i k e l y  to  occur during the  d r i l l i n g  phase of t he  w e l l .  
However, surface streams are only in t e rmi t t en t ,  thereby 
Blowouts 
Because 
the Hawaii Geothermal Project  w e l l  is already es tab l i shed  and maintains 
a r e l a t ive ly  low wellhead pressure,  a blowout is unlikely.  A p o t e n t i a l  
fo r  cracking of the  wellhead could r e s u l t  from rapid increase  i n  tem- 
perature  during s t a r tup .  Steps are being taken to  prevent t h i s  (Sect. 
1.2) 
3.2 IMPACTS ON THE BIOLOGICAL ENVIRONMENT 
Potent ia l  impacts on b io t a  r e su l t i ng  from the  proposed w e l l  test include 
destruct ion of hab i t a t  due t o  increased a c t i v i t y ,  displacement of animals 
due t o  human a c t i v i t y  and noise,  and e f f e c t s  of e f f luen t s  (pr inc ipa l ly  
hydrogen su l f ide  and me1 :cury) on plants .  
3.2.1 
The ear ly  successional h a b i t a t  surround;tng the  s i te  is not  s u i t a b l e  f o r  
Impacts due t o  des t ruc t ion  of h a b i t a t  
endemic w i l d l i f e  (Sect. 2.9.2) .  The amount of vegetat ion t h a t  po ten t i a l ly  
w i l l  be destroyed, i f  any, is l i t t l e  over t h e  ex i s t ing  cleared area. 
Y r 
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. 3.2.2 Impacts due t o  noise  
An unmuffled venting geothermal w e l l  may cause noise  levels of 120 dB(A) 
100 f t  away. A s i l e n c e r  of t he  type t o  be used a t  HGP-A is expected t o  
reduce noise  levels t o  100 dB(A) o r  less 100 f t  from t h e  w e l l .  Attenua- 
t i o n  of noise level with d i s t ance  w i l l  r e s u l t  i n  a reduction of 75 dB(A) 
wi th in  1 mile of t he  w e l l .  
Noise impacts on humans depend t o  a high degree on ind iv idua l  v a r i a t i o n  
i n  acu i ty  and personal experience as w e l l  as on i n t e n s i t y  and frequency 
of t he  noise. 
various frequencies and i n t e n s i t y .  
f o r  a n a l y t i c a l  purposes, i t  is assumed t o  decrease i n  d e s i r a b i l i t y  as 
loudness increases.  
using a logarithmic scale of comparative i n t e n s i t y  with respec t  t o  t h e  
threshold of human hearing. 
Wildlife a l s o  d i f f e r  g rea t ly  i n  t h e i r  s e n s i t i v i t y  t o  
Noise is any undesirable sound, and 
Loudness ( in t ens i ty )  of sound is  measured i n  dec ibe ls  
Using t h i s  scale, an increment of 1 dB 
corresponds t o  an increase  of 26% i n  i n t e n s i t y .  Table 3.3 gives some 
common sound levels. The human ear perceives sounds of higher frequency 
a t  lower i n t e n s i t y  than those of intermediate frequency; therefore,  noise 
measurements are usua l ly  weighted t o  account f o r  t h i s  by using t h e  "A" 
[dB(A)] scale. 
The expected noise  levels may cause some w i l d l i f e  i n  surrounding h a b i t a t s ,  
such as t h e  introduced b i r d s  (Japanese white-eye, card ina l ,  etc.) (Sect. 
2.9.2) and the  introduced mongoose, t o  be displaced. Individuals are 
not l i k e l y  t o  f ind  s u i t a b l e  h a b i t a t  elsewhere due t o  i n t r a s p e c i f i c  
. 
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Table 3.3. Common sound levels 
Intensity Sound level 
bW/mZ I [dB(A)I 
~ 
Threshold of hearing 1 o-6 0 
Rustling leaves 1 o-$ 20 
Talking (at 3 f t l  40 
Singing crickets 10” 50 
Noisy office 1 60 
Subwav 104 100 
Threshold of pain 1 os 120 
competition; therefore ,  they may be assumed l o s t .  The t o t a l  number 
displaced w i l l  be  very small i n  r e l a t i o n  t o  t h e  populations present  i n  
the  area, and since these animals are introduced, a reduction i n  t h e i r  
populations would, i n  most cases, be considered bene f i c i a l .  
Noise may cause the  na t ive  Hawaiian hawk t o  avoid t h e  area. 
since t h i s  region is not good h a b i t a t  f o r  t he  hawk and is  small i n  
r e l a t i o n  to  its hunting t e r r i t o r y ,  no e f f e c t  is an t ic ipa ted .  
However, 
The area 
is removed from the  l i k e l y  roost ing area of t he  Hawaiian hoary ba t ,  but  
ind iv idua ls  may f l y  through the  area in t h e i r  crepuscular hunting forays.  
Reduction of roost ing h a b i t a t  r a t h e r  than reduct ion of hunting is t h e  
more l i k e l y  contr ibutor  t o  the  dec l ine  of this species .  
unl ikely that noise  w i l l  pene t ra te  t o  p o t e n t i a l  roos t ing  areas i n  t h e  
mature f o r e s t s  s eve ra l  miles away, t h e  e f f e c t  of the  w e l l  test should 
be minimal. It should be pointed out  that, i f  t he  w e l l  t e s t i n g  phase 
is successfu l  and f u r t h e r  development is ant ic ipa ted ,  p o t e n t i a l  h a b i t a t  
des t ruc t ion  of t h e  b a t  and, less l i k e l y ,  t he  hawk may r e s u l t .  
Because i t  is 
f E 
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3.2.3 Impacts due t o  gaseous e f f l u e n t s  
P o t e n t i a l  e f f luen t s  t ha t  may be evolved from t h e  w e l l  during t h e  w e l l  
t e s t i n g  program are l a rge ly  unknown. 
w i l l  develop; however, t he  concentration of hydrogen s u l f i d e  i n  t h e  
f l u i d  and the  rate a t  which it will develop cannot be ascer ta ined  with- 
out f u r t h e r  tes t ing .  
s u l f i d e  is a normal cons t i tuent  of volcanic releases and the re fo re  is 
not uncommon t o  t h e  area. Results of ongoing research i n d i c a t e  t h a t  
hydrogen s u l f i d e  is tox ic  t o  a va r i e ty  of crops and temperate f o r e s t  
trees a t  concentrations of 300 ppb.3 
very l o w  concentrations - f a r  below the  levels tox ic  t o  p lan ts .  
e f f e c t  on l o c a l  h a b i t a t s  is  expected during t h e  w e l l  test because of 
the  expected low concentration of less than 200 ppb before atmospheric 
d i lu t ion .  
Hydrogen s u l f i d e ,  i t  is known, 
This is  one of t h e  goals of t h e  program. Hydrogen 
It is not iceable  t o  humans a t  
No 
Heavy metals, notably mercury, are a l s o  evolved i n  an aerosol  s ta te  
from geothermal f lu ids .  
Pro jec t  has given high p r i o r i t y  t o  geotoxicology of mercury. 
Sampling by the  s t a f f  of t h e  H a w a i i  Geothermal 
Representa- 
tive p lan t  spec ies  i n  the area of t h e  w e l l  yielded mercury levels t h a t  
were r e l a t i v e l y  uniform i n  the  var ious  spec ie s  and individuals.  
mean levels a t  the  si te were somewhat lower than concentrations found 
at  Volcano House and Sul fur  Banks. 
long periods of time in p lan t s  and can be  concentrated i n  higher levels 
of the food chain. 
during the  six-month w e l l  test because t h e  dura t ion  of t h e  test w i l l  no t  
allow enough time f o r  accumulation t o  any s i g n i f i c a n t  degree. 
The 
Mercury tends t o  accumulate over 
Nevertheless, no s i g n i f i c a n t  accumulation is expected 
f r 
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The flow test w i l l  be monitored f o r  o ther  p o t e n t i a l l y  tox ic  substances 
(e.g., a r sen ic ,  lead, and selenium). 
ical, and ecophysiological s t u d i e s  w i l l  be undertaken during t h e  w e l l  
test . 
Further geochemical, geotoxicolog- 
3.2.4 Impacts due t o  l i q u i d  e f f l u e n t s  
Ecological impacts due t o  t h e  l i q u i d  e f f l u e n t s  envisioned would be  a 
r e s u l t  of unexpected o r  acc identa l  su r f ace  s p i l l a g e  of geothermal f l u i d s .  
Impacts on groundwater are discussed i n  Sects.  3.1.2 and 3.1.4. 
s p i l l a g e  would l i k e l y  a f f e c t  only a very small area i n  t h e  v i c i n i t y  of 
Surface 
the s i te  (Sect. 3.5) because e f f luen t s  w i l l  d r a in  through t h e  porous 
subs t r a t e  and not a f f e c t  t h e  surface-rooted p l an t s  o r  aquat ic  environments. 
3.3 SOCIOECONOMIC EFFECTS 
The six-month w e l l  test should have neg l ig ib l e  negative e f f e c t s  on l o c a l  
s o c i a l  economics. 
a t  t h e  site, and no e f f e c t s  on employment o r  t r a d e  are expected. 
and increased a c t i v i t y  should have minor e f f e c t s .  
t r a f f i c b n  Pahoa-Pohoiki Road can be expected due t o  construction traffic 
a t  the  w e l l  s i te,  bu t  t h i s  should be temporary and should not take place  
during peak hours. The P ro jec t  may attract some s igh t see r s ;  again, t h i s  
should be temporary. 
cu l tu re  are not expected t o  materialize. 
No new personnel w i l l  be required t o  take up residence 
T r a f f i c  
Some obs t ruc t ion  of 
P o t e n t i a l  e f f e c t s  on groundwater and l o c a l  agri-  
Noise should not be not iceable  
t o  l o c a l  res idents .  Noticeable levels of hydrogen s u l f i d e  are expected. 
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This should concern only workers a t  t h e  site, onlookers, and a few 
passersby. 
t o u r i s t  spo t s  i n  the  area. 
Naturally released hydrogen s u l f i d e  is not iceable  a t  o the r  
Native Hawaiian r e l i g i o n  embraces concepts t h a t  elevate volcanoes and 
volcanism t o  an extremely important pos i t i on  i n  t h e i r  b e l i e f s .  
p ro j ec t  may a t t r a c t  controversy by seemingly d i s tu rb ing  t h i s  focus of 
indigenous r e l ig ion .  
leaders  about the  p ro jec t ,  and on occasion, representa t ives  have been 
inv i t ed  t o  view and b l e s s  t he  pro jec t .  
The 
Steps have already been taken t o  inform r e l i g i o u s  
3.4 IMPACT CONTROL PROGRAMS 
A s i l e n c e r  (Sect. 1.2) w i l l  be i n s t a l l e d  p r i o r  t o  s t a r t u p  of t h e  w e l l  
test program. 
less than 100 dB(A) 100 f t  from t h e  w e l l .  Noise w i l l  be monitored 
per iodica l ly  during the  w e l l  test. 
This piece of equipment should decrease no i se  levels t o  
If levels reached are i n  excess 
of l e v e l s  shown i n  Table 3.4, s t e p s  w i l l  be taken t o  p ro tec t  workers 
from e f f e c t s  of noise. 
during t h e  course of t h e  w e l l  test. 
tox ic  threshold of 0.1 ugh3 i n  air  i n  t h e  v i c i n i t y  of t he  site,4 
s t e p s  w i l l  be taken t o  con t ro l  this emission up t o  and including shut- 
down. The o n s i t e  concentration of hydrogen s u l f i d e  is not expected t o  
exceed 200 ppb. 
to r ing  of hydrogen s u l f i d e  w i l l  permit adequate precaution t o  be taken 
f o r  personnel s a f e t y  should higher concentrations be encountered. 
Mercury and hydrogen s u l f i d e  w i l l  be  monitored 
I f  mercury levels approach t h e  
The occupational exposure limit i s  2000 ppb.4 Moni- 
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Table 3.4. Permissible noise exposures 
Duration per day (hr) Sound level (dB(A11, 
slow response 
~~ 
8 Bo 
6 92 
4 95 
3 97 
2 100 
1.5 1 02 
1 1 05 
0.5 110 
0.25 116 
Source: U.S. Dept. of the Interior, Final Environ- 
mental Srammenr for the Geothermal Leasing Pro- 
gram, vol. I, 1973. 
Because s o i l s  i n  the  d r i l l  s i te  area are not  prone t o  erosion,  erosion 
cont ro ls  are not necessary. 
3.5 POTENTIAL ACCIDENTS 
During the  course of the w e l l  test program, the  only p o t e n t i a l  acc idents  
considered are (1) rupture  of t he  casing due t o  thermal expansion o r  
earthquake and (2) s p i l l a g e  from i n j e c t i o n  sump o r  from des t ruc t ion  of 
the  w e l l  due to  lava flow. 
Rupture of t he  w e l l  casing or wellhead may cause an expected release of 
steam and f l u i d s  t o  the  l o c a l  environs. Effects would be expected t o  
cover a small area immediately adjoining t h e  si te.  
to  l o c a l  hab i t a t s  would be expected. 
sump would l i k e l y  percola te  through t h e  lava s u b s t r a t e  after.a s h o r t  
Only temporary damage 
Sp i l l age  due t o  overflow from t h e  
distance. Again, no permanent damage would be expected. I f  Kilauea 
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erupted and lava  inundated the  s i te ,  the  e f f e c t s  of the  lava flow would 
be f a r  more damaging than e f f e c t s  from t h e  w e l l .  
such inundation would be the  necess i ty  of r epa i r ing  t h e  wellhead. 
The major e f f e c t  of 
3.6 POTENTIAL LONGTERM ENVIRONMENTAL EFFECTS 
No long-term e f f e c t s  are expected due t o  the  w e l l  test program. 
long-term e f f e c t s  could result i f  t h e  si te w e r e  developed f o r  fu l l - s ca l e  
production. 
However, 
A reevaluation of environmental e f f e c t s  w i l l  have t o  be 
undertaken p r i o r  t o  such development and a f t e r  completion of environ- 
mental s t u d i e s  conducted during and a f t e r  t h e  w e l l  test. 
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4. CONnICTS WITH FEDERAL, STATE, AND REGIONAL OR LOCAL PLANS 
Because of Federal, state ,  and local involvement in planning and funding 
of the Hawaii Geothermal Project, no confl icts  appear to ex i s t .  
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